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INTRODUCTION 
The existence of large, banded strands within the 
nuclei of larval salivary gland cells was first recorded 
by Balbiani (I88I) for the dipteran Chironomus. With the 
realization of the chromosomal nature of these strands, 
Painter (1933) demonstrated the definite and constant band­
ing pattern of the giant chromosomes found in the Drosophila 
melanogaster salivary gland cells. These giant chromosomes 
consist of a thousand unit chromatids held together in 
exact parallel, a condition that has been termed polyteny. 
The banding pattern results from the differential coiling 
of the DNA and its associated chromosomal proteins (Ris 
and Grouse, 19^+5) causing regions of tight packing (bands 
or chromomeres)to alternate with regions of low chromosomal 
iluei- eonoôntration 'interchrcmoiiiereser irmmrr^nus). Be­
cause the elementary chromomeres vary in size in each unit 
chromatid, the bands show a corresponding variation in 
thickness and staining intensity, Now, instead of two or 
three major landmarks per chromosome (e.g., centromere, 
large chromomeres, and secondary constrictions), there were 
hundreds, and Painter (1933) was able to assign chromosomal 
locations to various gene loci by comparing normal chromo­
somal morphology to that of chromosomal aberrations 
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with associated genetic defects. From this beginning, 
there followed extensive studies, especially with Drosophlla 
melanogaster because of the existence of detailed genetic 
data in this species. The most notable of these studies 
are those of Bridges (1935, 1938) who developed a system 
for designating each band and whose drawings of the salivary 
chromosomes are still the standard of reference today. 
The chromomeric organization of Drosophila polytene 
chromosomes is important in the present context because of 
the sharp and definite delimitation of the interface between 
bands and interbands. As the chromomeres are the result of 
tight packing of the chromatid fibers, the discrete nature 
of the bands, together with their constant and reproducible 
sequence, implies the banding pattern is a phenotypic mani­
festation of the genetic material itself: The relationship 
between band cytology and its underlying genetical organi­
zation has lately become more relevant as a possible key to 
eucaryotic chromosome structure. 
The Unit Hypothesis of the Chromomere 
The simplest conclusion to draw from the visible ap­
pearance of the polytene chromosomes and the fact that genes 
are arranged in a linear order along the chromosome is that 
the bands represent the genes» There exists a great deal of 
support for this contention. Much of the support comes from 
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experiments which show a correspondence between estimates 
of the number of genes in a chromosomal region with the 
number of bands in the same region (Beermann, 1972). Bands 
also behave as single units with respect to MA and DNA 
synthesis (Felling, 1966). However, the heuristic value 
of what is known as the "one gene-one band" hypothesis is 
tempered by the extremely high DM contents of chromomeres 
(Rudkin, 1965). 
Gene number versus band number 
The first correlation involving bands and genes was 
made by Muller and Prokofyeva (1935)• This early study 
utilized irradiation induced breaks that also caused 
phenotypic effects in the yellow, auhaete and scute region 
in the tip or distal portion of the X-chromosome in 
i^x uaO Mii-Lxa • xncsc uiix wulw oum*:? uo. ocvii-o 
either inversions or translocations, and by recombination 
they could generate duplications and deficiencies which 
were visible in the salivary gland chromosomes. The de­
ficiency chromosomes defined blocks of chromosome material 
which were regarded as genes because of their phenotypic 
effects when deleted. The 16 rearrangement breakpoints were 
distributed into five sites which bounded the genes for 
yellow, achaete, scute and a lethal effect= It seemed as 
if they had saturated the region with breaks since the same 
breakpoints (as determined by lack of recombination with 
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another breakpoint) kept recurring, so it was hypothesized 
only a certain limited number of breakpoints were inducible. 
In this way they showed the genes defined by the breakage 
sites were about the size of small chromomeres. It is in­
teresting to note that by proportionate estimate of the 
number of gene blocks within this region, they estimated 
the entire genome would have about 5>000 to 10,000 genes 
or about 1,000 to 2,000 for the X-chromosome. This value 
is consistent with many other gene number estimates de­
rived by different methods. 
Muller (1926) reasoned, before intragenic crossing 
over was realized, that because the minimum crossover dis­
tance known at the time was 0.1 map unit, and the X-
chromosome had a total map length of 66, there then must 
be about 660 X-lii-iVen locvi . Gowen and Gay (1911) studied 
X-ray induced mutations in Drosophila and found an average 
value of 175 visible sex-linked mutations. Experience in­
dicated that sex-linked lethals occurred 7.3 times more 
frequently than visible mutations, so this led to an esti­
mate of about 1280 (=175 X 7.3) sex-linked loci that could 
be mutated to lethality. Demerec (193^), by dividing the 
mutation rate per locus into the mutation rate per chromo­
some, arrived at an estimate of 500 genes. Alikhanian 
(1937) by" a similar method found 968 loci in the X-chromo­
some of Drosophila. Her-skowltz (1950) compared the total 
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number of breaks induced in the X-chromosome with the num­
ber of mutations to white, all of which he incorrectly as­
sumed were breakage induced, to arrive at a figure of 726 
loci. Bishop (197^) studied data on spontaneous mutations 
at nine X-linked loci, scored them for lethality, and com­
pared the mutation rate per locus with the standard rate 
of spontaneous sex-linked lethal mutations to estimate 
1,000 loci. 
Ohno (1971) has used the theory of mutational genetic 
load to put an upper limit to the number of loci an organ­
ism can afford to have. If it is assumed that all gene 
loci are affected by mutation and that most mutations are 
detrimental to the organism, Ohno (1971) shows that if the 
entire mammalian genome coded for gene products and the 
spontaneous mutation rate i-ras of the order of 10"^ per 
locus per organism generation, each gamete would have an 
average of 30 deleterious new mutations. This level of 
genetic load would have caused extermination of the mam­
malian species. Arguments of this nature indicate that 
only ten percent of the genome can code for gene products 
(O'Brien, 1973). Since Laird and McCarthy (1969) measure 
the haploid DM content of Drosophila as about 10^ nucleo­
li. 
tide pairs, this means there could be 10 genes of 1,000-
nucleotide length. One-fifth of the genome of Drosophila 
is comprised by the X-chromosome so there could be 2,000 
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X-linked genes by this estimate. 
Turner and Laird (1973) have utilized RNA/DNA hybridi­
zation to estimate that 4-0 percent of the genome of 
Drosophila melanogaster is represented by RNA transcripts 
in pupae. Based on a haploid DM content of 1.1 x 10^^ 
O 
daltons, or 1.8 x 10 nucleotide pairs (Rasch, et al., 1971), 
7 this proportion of the genome corresponds to 7 x 10 nu­
cleotide pairs. If this amount of transcription results 
from 5,000 or fewer- genes, then the RNA transcripts would 
have to be more than 1.4 x 10^ nucleotides long. Measure­
ments of the size of primary transcripts (hnRWA) in mam-
4 4 
malian systems ranges from 1.5 x 10 to 4 x 10 nucleotides 
(see Davidson and Britten, 1973), and the Balbiani ring 2 
transcript from the Chironomus tentans salivary gland puff 
is at least 5 x 10^ nucleotides long (Daneholt^ 1972)= 
Thus, if Drosophila hnRWA is of the same order of magnitude 
as mammalian hnRM, it seems that a gene number of 5,000 
(1,000 for the X-chromosome) is not too inaccurate. 
It is apparent that all of these estimates depend upon 
assumptions which cannot really be substantiated, we know 
that intragenic crossing over occurs and chromosome breakage 
is not required for mutations to white eyes. Most methods 
described require that lethal or detrimental mutations occur 
in all loci with roughly equal frequency. Whether or not 
this is the case is subject to question (O'Brien, 1973). 
7 
The measurements of hnRNA size indicate they may be large 
enough to contain several structural gene sequences (David­
son and Britten, 1973). All of these estimates can there­
fore be readily dismissed due to various sources of un­
certainties, but what has made them believable is the fact 
there are 1,02^+ bands in Bridges' (1938) map of the X-
chromosome. Although the gene number estimates from var­
ious sources vary over a fourfold range (500-2,000) for the 
X-chromosome, it seems plausible from their general agree­
ment that the actual number of genes in the X-chromosome is 
at least not 10 or 100 times more, or less, than the number 
of bands. 
The chromomere as a unit of function 
Recently there have been more detailed studies of 
specific regions of the Drosophila chromosomes bearing on 
the one band-one gene hypothesis. Judd et al. (1972) have 
analyzed the 3A2-3C2 region of the Drosophila X-chromosome 
that extends genetically from zeste to white (see Lindsley 
and Grell, 1968 for description of mutants). Through the 
use of X-rays and chemical mutagens a total of 116 lethal 
and semilethal mutations were induced in the interval. 
Twelve complementation groups were recognized by cis-trans 
tests. Although there are qualitative differences in the 
cytological maps constructed from light microscopy (Bridges, 
1938) and electron microscopy (Berendes, 1970), the number 
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of bands between 3A2 and 3C2 is 12 in both cases. With the 
use of cytologically mapped duplications and deficiencies 
they could localize each complementation group and show the 
colinearity of the complementation units to the bands. They 
conclude that the relationship between the number of func­
tional groups and chromomeres was precisely one for one. 
Shannon et al. (1972) have studied in detail the de­
velopmental effects of these mutations in the complementa­
tion groups located between 3A2 and 3C2 of the X-chromosome. 
Each allele within a complementation group showed the same 
developmental defects. The lethal alleles of a common 
complementation group kill the embryo or larva at the same 
developmental stage. The semilethal mutants all display 
the same morphological effects within each complementation 
eruuu. nciiuc « _Lu accms uu oiicm uiiau ojlic ^juiuu-Lcmciioctujluii 
groups define units of function which seemingly produce 
but a single product or polypeptide, although they cannot 
rule out a controlling function or more than one functionally 
related product. 
Although the number of mutants in a complementation 
group ranged from two to 3^, nine of the 12 groups had at 
least five mutants indicating that the region was mutation-
ally saturated as far as lethal mutations were concerned. 
However, O'Brien (1973) has criticized the results of this 
experiment by pointing out that of the 30 Drosoohila genes 
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with known gene products, of them have "null" alleles as 
shown by the absence of the normal protein in electro-
phoretic gels. Of these 14- null alleles, only some of 
those which occur in the ribosomal RNA genes are lethal. 
It seems there is a large proportion of the genes which are 
"dispensable" to the normal development and function of the 
fly so that lethal mutations alone cannot be readily cor­
related to gene numbers. As a result, Judd and Young (1973) 
have searched for other classes of mutants that either in­
creased developmental time or caused female sterility with­
in the zeste-white interval. Two delayed-emergence muta­
tions were recovered which proved to be allelic to pre­
viously existing complementation groups. A group of six 
female-sterile mutations were separable into two complemen-
tM11 ÙrI gr-OiHis. rnêsè rêma"! ê-stèri "i 6 rnut.H nts û0uiuJ_6iil0ut6u 
with all of the previously existing lethal mutations within 
the 3A2-3C2 region, and appear to add two new complementa­
tion groups to this segment. However, the female sterile 
mutants do not complement deletions which lack bands 3B^ and 
3B5 within this region. Recombination analysis shows the 
two female-sterile groups are tightly linked and may repre­
sent a case of intralocus complementation. Also adding to 
the confusion is the number of bands in the 3B region, even 
as seen in the electron microscope (Beermann, 1972), and an 
ignorance of the phenotype of what a female-sterile/lethal 
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heterozygote should be. They conclude, although the results 
are still equivocal, that each chromomere is associated with 
a single function. 
Hochman (1971) has done a similar analysis for the 
right arm of chromosome ^ in Drosophila. A total of 170 
mutations, either induced by mutagens or arising spontane­
ously, uncovered 33 lethal complementation groups and seven 
other loci giving rise to recessive visible mutations only. 
The ^0 complementation groups compares closely to the 50 
bands that exist on the right arm of chromosome 4- (Bridges, 
1942). A continuing study of chromosome 4- loci has led 
Hochman (1973) to uncover more complementation groups. 
There are now 37 known essential loci, having lethal or 
sterile alleles, plus eight recessive visible loci, two 
of which coincide with a vital locus « sivins a total of ^i 
complementation groups. This puts the number of discrete 
loci just below the 50 bands recognized by Bridges (19^2). 
In addition, the existence of two major deficiencies in 
chromosome ^ allows a partition into three segments. The 
proportion of loci in each section correlates closely with 
the proportions of band number, physical salivary chromo­
some length, and relative mutability for each section. 
If it is assumed that mutations occur randomly in all 
the loci of the fourth chromosome, with low rates of muta­
tion, then the number of loci that did not mutate yet (fiq) 
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can be estimated from the number of loci mutating once 
(n^ =10) and the number of loci mutating twice (ng =3) 
with use of a formula from the Poisson distribution: 
nQ =(n2_)7(2 xn^). In this case n^ =17 loci as yet undis­
covered. Hence the potential total number of loci may be 
as high as 60 under these assumptions. Nevertheless 
Hochraan's (1973) known data does not violate the one band-
one function concept. 
In yet another study of the same sort, Lifschytz and 
Falk (1968, 1969) have studied X-ray and ethylmethane sul­
fonate induced lethals in the proximal region of the X-
chromosome covered by the Y mal^ chromosome (see Lindsley 
and Grell, 1968, for description). They found 3^+ func­
tional units among the 105 lethal mutations induced. This 
corresponds to some 36 benns whi trVi H re vaoluuGu in the 
translocated X-chromosome segment of the Y mal chromosome 
(Beermann. 1972). 
Lefevre (1973) has obtained evidence relating to the 
one gene-one band argument from cytogenetic analysis of 
rearrangement breakpoints. In this study both mutant and 
nonmutant rearrangement breakpoints were viewed cytologi-
cally and genetically to obtain information on the fre­
quency, distribution, and nature of these X-ray induced 
aberrations» The pertinent results relating to the present 
discussion are that the genetic consequences of the 
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rearrangements are related to the genetic material at the 
point of breakage. For instance, five rearrangements were 
associated with breakpoints involving band 1A5-6 on the tip 
of the X-chromosome. These included two inversions, two 
translocations, and one deletion. All of the aberrations 
are associated with a single lethal effect, because there 
is no complementation between any pair of these lethal 
breakpoints. Also, Lindsley and Grell (1968) list many 
different scute (sc) mutations, many of which are due to 
breakpoints associated with band IB3. There is no known 
case where a rearrangement-breakpoint involving band 1B3 
causes an effect other than those associated with the scute 
phenotype. Many other examples could be listed, but the 
key point is that all rearrangements affecting the same 
band cause thG same genetIc consequence. One band se^m? 
to involve only one genetic function. This type of result 
answers criticism that mutation experiments fail to detect 
some types of mutations. If there is more than one function 
per band, one should be able to find identical breakpoints 
causing different effects. Lefevre's (1973) analysis of 
mutant and nonmutant breakpoints, though far from complete, 
has not uncovered such a case. 
The genetic content of bands has often been studied 
through the use of overlapping deficiencies and duplica­
tions. If we assume that genes are located in specific 
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positions on the chromosome, then removal of chromosomal 
segments in the form of deficiencies will result in a phys­
ical loss of the genes within the segment. Slizyiiska 
(1938) induced a 15 band deletion in section three of the 
X-chromosome of Drosophila melanogaster and found that the 
normal allele of the white gene was also deleted. It 
seemed apparent that the white locus was somewhere within 
the 15 band segment, so study of a large number of over­
lapping deletions revealed that every deletion including 
band 3C1 was also missing the normal white allele. It fol­
lows that the white locus is in or near this particular 
band. Demerec (1939) has analyzed a number of radiation 
induced chromosomal rearrangements that were associated 
with Notch mutations. All of the aberrations not involving 
nel.é foc-ri r-Oirint ic reglOilS Of the ûhrorûOSOïïicS had a COIDmOn 
breakpoint in or on either side of salivary band 3C7. This 
Notch gene-3C7 association agrees with the deletion studies 
of Slizynska (19j8) who described five cases of a single 
band deletion for 3C7, all of which were phenotypically 
Notch. 
An important result concerning the one band-one gene 
relationship has come from such studies of deficiencies in 
the white-Notch region of the X-chromosome in Drosophila 
melanogaster comprising salivary bands 3C1 to 3C7. Beermann 
(1972) has summarized the work from many sources and the 
14-
conclusion for the chromosomal region 3C2-3C6 seems to be 
that there is only one gene per band and that each gene only 
occupies a small portion of the band associated with it. 
These studies all support the contention that there 
seems to be the same number of functional groups as bands 
and only one functional group, as defined by complementa­
tion, in an individual chromomere. 
The chromomere as a unit of replication 
The use of radioactive-labeled DNA precursors to study 
DM replication was applied to the polytene chromosomes be­
cause the topographical detail in these chromosomes is not 
found elsewhere. Short-term labeling with tritiated 
thymidine during DNA synthesis in the salivary gland chrom­
osomes reveals through autoradiography that the label is 
incorporated into many chromomeres along each chromosome 
(Keyl and Felling, 1963). This indicates there are many 
concurrently replicating sites along the chromosomes. That 
this must be the case also comes from quantitative consider­
ations relating the length of time of DM synthesis in the 
cell cycle (S phase), the amount of DNA to be synthesized, 
and the known rates of synthesis. With an S phase of 3'^-
minutes in cleavage nuclei of Drosophila, and 2.1 x 10 
microns (}!) of double-helical DM in the longest chromosome 
(Kavenoff and Zimm, 1973), a synthesis rate of 6 x 10^ ^ /min 
1? 
would have to be implied if there were but a single repli­
cation point per chromatid. This rate is 200 times faster 
than that observed in Escherichia coli (Cairns. 1963), and 
about 6,000 times faster than the rate in mammalian cells 
(Huberman and Riggs, 1968) or Drosophila (Blumenthal et 
al., 1973). Thus multiple initiation sites for DM repli­
cation are necessary to synthesize large amounts of DM in 
short times. 
Felling (1966) has proposed that it is the chromomeres 
that are the units of replication in the chromosomes. The 
initial belief for this came from observations of the 
labeling patterns of radioactive DM precursors that shoved 
chromosomal segments can be ordered to a certain extent as 
to their frequency of labeling (Keyl and Felling, 1963; 
Plaut, 1963; Gabrusewycz-Garcia, 19640. Although the re­
sults of these labeling studies are not easily interpreted 
(Eudkin, 1972), it seems that most chromosomal regions 
initiate replication simultaneously (within 30 minutes), 
but individual bands finish their replication one after 
another in a defined sequence. There is an apparent cor­
relation between the length of time necessary to complete 
replication within a band and its DM content; heavy stain­
ing bands, also rich in DNA (Rudkin, 1961), seem to take 
longer to replicate (Felling, 1966). This indicates that 
each chromomere replicates its DM independently of other 
chromomeres. Some further evidence comes from chromosome 
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comparisons in the hybrid formed between the two subspecies 
Chironomus thummi thummi and Ç. thuimni piger. In the hy­
brid, the chromosomes can be compared in the salivary 
glands, and although the bands correspond in their linear 
arrangement, certain Ç.. thummi thummi bands appear thicker 
than the homologous bands in Ç. thummi piger. Keyl (196^), 
using Feulgan spectrophotometry, showed that the larger 
bands of Ç. thummi thummi always have a DNA value that is 
2, 8, or 16 times higher tnar that in the homologous 
band of Ç. thummi piger. It seems the homologous bands 
will begin replication at the same time, but the larger 
Ç. thummi thummi band takes a longer time to complete rep­
lication. If indeed the chromomeres are units of replica­
tion, the origin of the larger Ç. thummi thummi bands with 
geometric increases in the amounts of DÎJA can be explained 
as errors in the replicative process. This hypothesis as­
sumes there is a failure to stop replication at the end of 
the chromomere DNA which is in a ring-like configuration, 
with the initial and terminal segments in close juxtaposi­
tion (Beermann, 1967). 
These facts suggest that chromomeres are units of rep­
lication. However, the localization of incorporated radio­
active precursors to individual bands does not preclude the 
possibility there might be several initiation sites i-d-thin 
an individual band. Elumenthal et al. (1973) have studied 
17 
this aspect by comparing DNA replication in rapidly divid­
ing cleavage nuclei (S phase =3»'+ minutes) and slowly di­
viding cell culture nuclei (S phase =600 minutes) in 
Drosophila melanogaster. The rate of the replication-fork 
movement was determined to be approximately the same in 
both cell types (2.6 Kb/minute =0.88'+ ^/minute), so the 
difference in S phase length could not be explained as a 
difference in synthetic rate (Kb =Kilo bases =1,000 
nucleotide pairs). By studying the origin-to-origin dis­
tances of the replication sites in the two types of cells, 
from autoradiographs of cell culture cell DM, or electron 
microscope observation of cleavage cell DNA, it was seen 
that the S phase differences were due to variations in the 
number of activable origin sequences. The DM from the 
T>aT>inl^7 n T T7--1 fï T ncr /-»1 oo-cro rra mnn I a-i hoH n v\ v, 
to-origin spacing of 7.9 Kb, whereas the slower replicating 
cell culture DNA had a spacing of about 28 Kb between ori­
gins. This value of 28 Kb is remarkably close to the aver­
age DNA content per chromomere of 30 Kb measured by Rudkin 
(1965) in the X-chromosome of Drosophila. It is tempting 
therefore to hypothesize that the folding of the chromosome 
into a chromomeric pattern occludes origin sequences in the 
somatic cells which are normally activable in the cleavage 
nuclei. Only those origin sequences in the interband re­
gions would be exposed for activation, with three to four 
18 
other origins nonactivable within the chromomere. 
Thus it seems that although the DNA replication origins 
are spaced periodically throughout the chromosome, the ge­
netically determined chromomere pattern gives the appearance 
of a band as a replicational unit in somatic cells. The 
units of replication in cleavage cell nuclei DM are sub­
divisions of the chromomeric unit but this is necessitated 
by the rapid division rates of these early cells. The later 
chromomeric pattern of the somatic cells effects a transi­
tion to a chromomeric unit of replication, which again must 
reflect some aspect of the underlying genetic organization. 
It would seem reasonable for replication units to be divided 
into whole functional units since duplications of the 
chromomeres as found in Chironomus thummi thummi no doubt 
pixy A Vey r-nlë in t.riH evolution of the genetic material 
by providing certain gene loci to be multiplied for future 
evolutionary experimentation. If the replicational units 
stretched from the middle of one locus to the middle of 
another, it is unlikely evolution could be very effective 
only having to work with "half-genes." 
The chromomere as a unit of transcription 
The function of transcription in the polytene chromo­
somes appears to be related to changes in the chromomere 
structure. In a process called puffing, a band is observed 
19 
to lose its compacted structure completely and give rise to 
a large swollen region. It seems that puffing is an autono­
mous reaction of single chromomeres because when the de­
velopment of a puff is traced back to its earliest stages, 
it is always seen to originate from a single band (Beermann, 
1967). In addition, the pattern of puff formation varies 
between and within tissues. An examination of several 
chromosomal loci on chromosome 3 of Chironomus tentans in 
four different polytene tissues showed Beermann (1952) that 
different cell types display different puffed bands. One 
band puffs in both the salivary glands and Malpighian 
tubules, but not in the rectum or midgut. Another band 
puffs in the Malpighian tubules and rectum only, and a 
third band puffs only in the rectum. Even within the same 
tissue temporal changes in puffing are observed, where 
puffs appear and disappear in regular fashion during de­
velopment (see Ashburner, 1970). These results showing 
time- and tissue-specific changes in band morphology have 
been interpreted to be a visible manifestation of changes 
in the activity of genes (Beermann, 1952). 
A great deal of evidence accumulated since 1952 offers 
support for this hypothesis. Since the activity of genes 
involves the transcription of genetic information into RNA 
messengers, it is clear that if puffs are a reflection of 
gene activity they should be the sites of RNA synthesis. 
20 
The metachromatic dye toluidine blue stains puffs red (RNA 
reaction) and nonpuffed regions blue (DNA reaction). The 
MA containing sites determined by tritiated uridine in­
corporation are identical to the regions showing the RNA 
reaction with toluidine blue (Felling, 1959, 196H-). There 
is also a good correlation between puff size and Mase 
sensitive label; large puffs incorporate 1,000 times as 
much tritiated uridine as small puffs, and the amount of 
label uptake parallels the stage of puff formation or re­
gression (Felling, 1959, 196^). In addition, puffs appear 
to be sites where MA synthesis is restricted. It does 
not seem as though puffs are accumulation centers for MA 
molecules synthesized elsewhere, since short pulse labels 
show the MA is actually synthesized at the puff (Beermann, 
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dependent MA synthesis, will inhibit MA accumulation at 
the puffs, but does not always alter the puff itself. This 
agrees with the result that puffing is not caused by MA 
synthesis alone, indicated by the fact that DNA synthesis 
does not require puffing (Beermann, 1967). 
The conclusion that puffing patterns reflect patterns 
of MA synthesis seems justified. More important however 
is the demonstration that the MA synthesized in the puffs 
is involved in a messenger role, i.e., that it transmits 
genetic information. Base analysis of various chromosome 
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and cytoplasmic fractions of RNA species isolated by micro­
dissection in Chironomus tentans showed Edstrom and Beermann 
(1962) that the chromosomal RNA's differ significantly from 
each other and from the nucleolar and cytoplasmic RNA's. 
The RNA fractions from three individual Balbiani rings iso­
lated from chromosome 4- had base composition differences 
between each other, and all differed from the RNA extracted 
from chromosome 1. This reflects the specificity of the 
RNA synthesized at different puffs and also argues against 
puffs as sites of unspecific accumulation of RNA. The 
adenine to uridine ratio of the chromosomal RNA's was about 
two indicating that the RNA was not copied from both DNA 
strands. This base analysis shows that puff RNA has at 
least some of the characteristics of mRNA molecules. In 
addition, Beermann (196^) has electron microscopic cvidcnce 
for the transport of puff RNA into the cytoplasm. The 
Balbiani rings in Ç. tentans produce characteristic ribo-
nucleoprotein particles which float through the nuclear 
sap and penetrate the nuclear membrane at its pores, dis­
appearing into the cytoplasm. This is how one might imagine 
that a mRNA molecule would be safely transported to the 
protein synthetic machinery in the cytoplasm. 
Ultimate proof for the puffing action of chromomeres 
to be considered as a reflection of gene activity requires 
the demonstration that cellular proteins are derived from 
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the translation of puff mRNA. This has not yet been shown, 
but convincing evidence already exists that this is the 
case. 
Mechelke (1953) was the first to correlate puffing 
with a cellular product. He showed that in cells of one 
of the three functionally different lobes of the salivary 
glands of the midge Acricotopus lucidus the disappearance of 
two Balbiani rings coincidod with the accumulation of pig­
ments within the secretion of the glands. Panitz (1972) 
has described the further correlation of these puffs to 
the cells' ability to convert proline into hydroxyproline in 
a certain secretory protein. Through the use of the plant 
hormone gibberellin A3, one of the puffs was induced to 
regress with the resultant cessation of the hydroxylation 
of r.nR nrnlinm rAsinnAs i  n tnis nrntoin. Ainnm nirn rnmr-
proline is not found in proteins in any other organs 
of the larvae, the puffs unique to this special salivary 
gland lobe are apparently involved in the control of 
production of a secretory protein with hydroxyproline 
residues. 
The most extensive study of this type has involved the 
:;ocrGtory proteins synthesized in the salivary glands of 
Ghironomus pallidivittatus. Grossbach (1969) was able to 
isolate the secretory proteins from C. pallidivittatus 
and Ç. tentans and subject them to electrophoresis on 
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polyacrylamide gels. It was found that these two species 
have five main protein fractions in common. Ç. 
pallidivittatus produces a sixth fraction in all of its 
salivary gland cells that is not found in Ç. tentans cells. 
By backcrossing interspecific hybrids between C. 
pallidivittatus and Ç. tentans and then isolating the 
secretory proteins from one salivary gland and preparing 
a cytological preparation from the other, it was found the 
presence or absence of protein component #3 was correlated 
with the presence or absence of a Balbiani ring in the Ç. 
•pallidivittatus genome (Grossbach, 1973). Both Chironomus 
species also have a lobe of three or four morphologically 
distinct cells near the duct of the gland. In these cells, 
Ç. pallidivittatus produces a seventh protein fraction not 
found in Ç. tentans or any other cells of Ç, pallidivittatus 
itself. Correspondingly, chromosome 4 in the Ç. 
pallidivittatus specialized cells has an additional 
Balbiani ring not present in any other salivary gland cell. 
Beermann (196^) has found microscopically visible granules 
within this cell specific Balbiani ring. Isolation of these 
ring specific granules shows they have proteins with simi­
lar biochemical properties to polypeptide number 7 of the 
electrophoretic separation (Grossbach, 1973)° Although not 
offering direct proof that these secretory proteins are 
translated from a mBîilA molecule derived from one of the 
2k 
Balbiani rings, it seems clear that the chromosomal puffs 
do at least play some role in the synthesis of these pro­
teins. 
Daneholt (1972) by microdissection of Balbiani ring 
2 (BR 2) in Chironomus tentans has been able to isolate 
the transcription product of this large puff and subject 
it to biochemical analysis. The electrophoretic profile 
of BR 2 RWA isolated from the extracted giant puff indicates 
only one species of REA is present that has a sedimentation 
value of 75s in sucrose gradients. This is an unusually 
large RNA molecule and its molecular weight can only be 
roughly estimated as being in the range 15-35 x 10^ dal-
tons (Daneholt, 1972). When this value is compared to the 
average chromomere DNA content in Chironomus of 60 x 10^ 
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the 75»8 molecule would have to be transcribed from almost 
the entire chromomeric DNA of BR 2, which initiates from an 
average-sized band. 
Lambert (1973) has recently employed in situ hybridi­
zation and RNA/DWA hybridization techniques to analyze the 
arrangement of nucleotide sequences within BR 2. The iso­
lation of radioactive labeled BR 2 RNA by microdissection 
and then subjecting it to in situ hybridization showed 
labeling in the BR 2 region of chromosome 1+ only. Satura­
tion hybridization experiments indicated that 0.17 percent 
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of the haploid genome of Chlronomus tentans is complementary 
to BR 2 KNA. Based on a genome size of 1.2 x 10^^ daltons, 
the amount of the genome which codes for the BR 2 RNA is 
200 X 10^ daltons. This is sufficient DM to code for 5-15 
BR 2 RKA molecules of size 15-35 x 10^ daltons. This is in 
contrast to the average value of 60 x 10^ daltons estimated 
for the BR 2 chromomere discussed earlier. However, as 
Daneholt and Hosick (1973b) point out, it is not known for 
certain whether the transcription of 758 RWA is initiated 
and/or terminated in the BR 2 chromomere itself or if it 
extends into adjacent interbands and/or bands. The Balbiani 
ring is known to originate in a single band, but the puff 
expands to such a huge size that adjacent bands also become 
involved. Lambert (1973) has also shown from the hybridi-
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is internally repeated with from 15-^0 repeated nucleotide 
sequences of approximately 1,500 nucleotide length per 758 
RNA molecule. It was also noted from melting profiles that 
the RNA/DNA hybrids have some degree of base mismatching. 
Thus there may be a number of similar or slightly different 
transcription units within BR 2 involving more than a single 
band. 
Daneholt and Hosick (1973a) have followed the migration 
of labeled 758 BR 2 ÏÏMA molecules from the puff site into 
the nuclear- sap and finally into the cytoplasm by isolating 
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a 75s RNA molecule from each of these fractions. Lambert 
(1973) has confirmed that this 7^S RNA molecule from each 
fraction is derived from BR 2 by 3ji situ hybridization. 
It has not yet been shown that this 7^8 molecule functions 
as a translatable messenger, however the circumstantial 
evidence is good that it does. The 75S RNA molecule is 
the major, highest molecular weight RNA molecule that is 
found in the salivary glands, and it is metabolically stable 
with a half life of 35 hours (Daneholt and Hosick, 1973a). 
Polypeptide 1 from the salivary gland proteins is the most 
predominant, largest, and most rapidly synthesized poly­
peptide made by the salivary gland cells (Grossbach, 1973). 
Polypeptide 1 continues to be synthesized long after RNA 
synthesis is inhibited indicating its mRNA is stable. An 
interesting poipr- ! s hotb the 7yS luvA molecule and 
polypeptide 1 are unusually large for molecules of their 
respective types, and so it is tempting to draw a correla­
tion between the two. The repeating units within the 75S 
RNA molecule as shown by Lambert (1973) should reflect a 
repeating amino acid sequence in polypeptide 1 which would 
not be surprising since it performs a homologous function 
to the silk fibroin of Bombyx mori. known to have a re­
peating amino acid structure (Suzuki and Brovm, 1972). 
These results that correlate the presence of a given 
Balbiani ring vâth the presence of either a particular 
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polypeptide or a specific RM species indicate that when a 
chromomere is active, it makes a simple and probably unique 
product. There is no known case where the presence of a 
single puffed band gives rise to a multitude of different 
products. However, the only detailed data relating to puff-
product correlations comes from Balbiani ring studies which 
are only found in the salivary glands. Most puffs are so 
small they cannot be visibly detected as even being "puffed," 
and have to be recognized through labeled RNA precursors 
(Felling, 1972). Indeed, the Balbiani rings are unique in 
many ways and may also be unique in giving rise to a single 
product. Data is lacking on hnRNA sizes in Drosophila due 
to difficulty in distinguishing nonribosomal from ribosomal 
ENA synthesis (Laird, 1973). If the sizes of these primary 
oi-cnibci-ipta are similar to those in mammalian systems, then 
Drosophila hnRNA molecules would range from 15 x 10^ to 
4-0 X 10^ nucleotides (see Davidson and Britten. 1973)• -A 
molecule of this size would require that it be transcribed 
from the entire DWA content of an averaged sized chromomere 
(Rudkin, 1965). However a polycistronic messenger still 
cannot be ruled out for large hnRNA molecules. Thus 
although chromomeres may be units of transcription, this 
alone does not necessarily mean they are units of function. 
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The chromo mere as the site of excess DM 
We have seen that there are about as many genes present 
in Drosophila as there are bands in the polytene chromosomes. 
The chromomeres behave as autonomous units with respect to 
function, replication, and puffing and transcription. How­
ever, there are many problems involved with the evidence 
indicating that one band corresponds to one gene. First 
there are those criticisms directed at the results of ex­
periments which are interpreted by some to show the one 
band-one gene relationship. I have tried to point some of 
these out along the way. Then there are results of inde­
pendent investigations which bring to light further infor­
mation which is difficult to resolve with the one-to-one 
hypothesis. An example of this is a comparison of two 
SrcGCshlla species. Although the T'lvA coTvi-.HTvi. or the 
Drosophila hydei genome is 10-^0 percent larger than the 
genome of Drosophila melanogaster. D, hydei is thought to 
have only 2,000 salivary chromosome bands compared to the 
5,000 found in D. melanogaster (Laird, 1973). In the first 
place, if bands represent genes, it is hard to imagine that 
two related species would have a 2-3-fold difference in 
their gene numbers. Secondly, the D. hydei bands would 
have a DNA content three times that found in melanogaster. 
This latter point may not seem too shocking, except, as we 
will soon see, there is already too much DNA in the D. 
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melanogaster bands. A plausible explanation for the dis­
crepancies between D. hydei and D. melanogaster cannot be 
made due to the lack of detailed information on the genetics 
and the genome of D. hydei (Laird, 1973)• 
The haploid genome size of D. melanogaster has been 
estimated to be in the range 8.5-11 x 10^^ daltons by 
measurements of Feulgen staining (Rasch et al., 1971), 
renaturation kinetics (Laird, 1971), UV absorbance (Rudkin, 
1972), and viscoelastic retardation times of DNA molecules 
(Kavenoff and Zimm, 1973). This amount of DNA represents 
about 50,000 jxm of extended double helical DNA or 1.5 x 
o 
10 nucleotide pairs. Rudkin (1969) has shown that only 
about 75 percent of the DNA found in a diploid cell under­
goes replication during polytene chromosome growth and 
reflects the under replication of the satellite DNA's in 
the a-heterochromatin (Lakhotia, 197^). Hence, the euchro-
matic or visibly banded region of the polytene chromosomes 
o 
represents 37,500 or 1.1 x 10 nucleotide pairs per unit 
chromatid. Counting about 5,000 bands in the Drosophila 
melanoRaster polytene chromosomes (Bridges, 1938) gives an 
average DNA content of 22,000 nucleotide pairs or 7 = 5 
per chromomere. This result derived by calculation agrees 
with the direct determinations of band DNA content by 
measurements of UV absorbance which show an average X-
chrofflosome unit chromomere content of 30,000 nucleotide 
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pairs (Rudkin, 1965). However, calculations based on in­
formation derived from the molecular genetics of bacteria 
and viruses Indicate an average gene in these organisms has 
about 900 to 1,500 nucleotide pairs (Watson, 1970). Com­
parisons of the molecular sizes of proteins derived from 
procaryotes and eucaryotes show that they both average 
around 50,000 daltons (see Laird, 1973). A polypeptide 
of this size can be coded for by a nucleotide sequence of 
1,500 base pairs. This result immediately points out the 
paradox of the one band-one gene hypothesis. If, as seems 
to be the case, there is only a single function per 
chromomere, then why is there enough DM present to code 
for 20 genes? 
It might seem that such massive amounts of DNA would 
rïHiisG researchers to turn their backs on the one gene-one 
band hypothesis. This has not generally been the case, as 
most of the models which have been proposed for the struc­
ture of the genetic units within eucaryotic chromosomes try 
to explain how massive amounts of DM can be used for the 
expression of a single function. It is universally agreed 
that the DM in the chromomeres is not functionless since 
sexually isolated species of Drosophila retain the same 
banding pattern, save for rearrangements, over tens of 
thousands of years. If the DNA were functionless, selec­
tion would not act to maintain it so exactly (Beermann. 
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1972). 
Granted there is a function to the large amounts of 
DM in chromomeres, there are just a few general types of 
models which have been developed. The first type of model 
hypothesizes a reiteration of a cistron or several cistrons 
within the chromomere. This type of model was developed 
by Callan and Lloyd (I960) from observations of the lamp-
brush chromosomes of the oocytes of salamanders (see Thomas, 
1970). The first cistron in the series would be the 
"master" gene and only this cistron would be affected by 
mutation or be involved with recombination. The rest of 
the cistrons would be considered "slaves" and would only 
function to generate additional copies of the mRNA se­
quences. Such a model would require a constant rectifica­
tion of the "slave" genes i.n conform to the "master" se­
quence and suppression of crossing over in the "slave" 
genes to prevent the unequal crossover events that generally 
occur within tandem repeats. The problems involved in the 
working of such a model are very great and so there is not 
much support for it just based on the law of parsimony. 
In addition, renaturation studies involving the DNA from 
D. melanogaster show 80 percent of the nucleotide sequences 
are present only once per genome (Dickson et al., 1971). 
Since only 5 percent of the DM of polytene chromosomes 
is found in the interband regions (Beermarm^ 1972), then at 
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least 75 percent of the band DNA would have to consist of 
unique sequences. This rules out reiteration models such 
as the master-slave idea. 
Most of the other models which have been proposed have 
been described as "super-operons"" and support a concept 
where the main portion of the DNA of the bands is involved 
in some sort of regulatory role. The actual structural 
gene sequence constitutes only a minor fraction of the DNA. 
These models are based on the results of biochemical 
studies on the arrangement of nucleotide sequences within 
the genome. Much of the information pertaining to such 
studies has been summarized by Davidson and Britten (1973). 
Generally, every eucaryotic genome has nucleotide sequences 
that are classified as highly repetitive, intermediately 
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repetitive sequences are usually localized in the centro-
meric regions^ whereas the intermediate repetitive DNA is 
interspersed throughout the genome, alternating mth the 
unique sequences. Wu et al. (1972) have shown that this 
latter result is true for the Drosophila genome from 
electron microscopic studies. Based on these results, 
Bonner and Wu (1973) have suggested a model where each 
chromomere contains an average of 30-35 different sequences 
of unique DNA of 750 base pair length interspersed vri.th 
intermediate repetitive segments of 100-150 base pairs. 
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The repetitive sequences within each chromomere would all 
belong to the same sequence family, but each chromomere 
would have a different family. The function of the 
repetitive sequences are suggested to be involved with 
chromomere folding, secondary transcription control, 
processing of the transcribed RNA molecules or maybe 
sites of crossing over. However, the role of the 35 
unique sequences is not readily explained from the ap­
parent unitary function of each chromomere. 
The model of Bonner and Wu (1973) is also based on an 
interpretation of the data that exists on the formation of 
rings from Drosophila DNA. Thomas et al. (1970) have shown 
that isolated, sheared fragments of duplex DNA treated with 
certain exonucleases can form circles by annealing. The 
formation of these so-called "Th^m^s ni r-cl As- is expected 
for either tandemly repeated sequences or intermittently 
repeated sequences. Lee and Thomas (1973) have shown that 
DM fragments from polytene chromosomes and diploid chromo­
somes both form the same proportion of circles. As the 
polytene chromosomes have a lower proportion of the highly 
repetitive satellite sequences, they concluded the circle 
formation was the consequence of the tandem repetition of 
the intermediate repetitive DM found in the euchromatin. 
These results have been used to support both the master-
slave model and the interspersed-chromomere model of Bonner 
3^ 
and Wu (1973). Recent evidence indicates that the "Thomas 
circles" are formed mainly from the highly repetitive satel­
lite DNA fractions. Schachat and Hogness (1973) have shown 
that most of the isolated "Thomas circles" hybridize to the 
highly repetitious DM and that there are no unique se­
quences in these circles. Peacock et al. (1973) have first 
removed the satellite DNA fractions from the fragments 
subjected to conditions favorable for circle formation and 
shown the frequency of circles is reduced by over a half. 
These latter two experiments consequently throw doubt on 
models where there is a very close spacing of repetitive 
sequences involved. 
Britten and Davidson (1969) have suggested a general 
model of gene regulation that involves a relatively small 
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of "receptor" sequences that are adjacent to the structural 
genes and directly affect their functioning. In turn, the 
"receptor" genes are controlled by the "activator" RNA 
molecules coded for by "integrator" genes that are turned 
on by the stimulation of "sensor" genes occurring through 
developmental signals such as hormones. More recently 
Davidson and Britten (1973) have allowed for the alternative 
that the "activator" molecules could also be sequence-
recognizing proteins. The structural genes would be grouped 
into overlapping subsets of "batteries" such that the same 
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ubiquitous protein could be synthesized for functioning in 
many different pathways. In this model the chromomere unit 
would consist of a structural gene together with a variable 
number of "receptor" genes depending on the level of need 
for this particular structural gene product. This could 
explain the differences in chromomere size both within and 
between species. Also, mutations in the regulatory genes 
would not be readily expressed due to the fact they do not 
code for any protein. The regulatory sequences only need 
to be specific enough to recognize other KNA and/or protein 
molecules. Thus, only mutations in the structural genes 
themselves would be readily recognizable and this would ex­
plain why there appears to be a single essential unit within 
the mass of chromomere DNA. Beermann (1972) points out that 
this model wouln T-Annl r-ê two distinct types of functional 
groups: the receptor-structural and the sensor-integrator. 
However, there is no cytogenetic evidence that indicates 
there are two functional types of bands. 
A similar model has been developed by Georgiev (1969, 
1972). In this case, each chromomeric unit would contain 
an acceptor zone which has a series of loci that interact 
with different regulatory proteins. The informational por­
tion of the unit would code for structural proteins as well 
as for regulatory proteins; consequently structural genes 
needed for a particular pathway would be turned on by a 
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cascading mechanism. The different opérons could have 
identical or similar acceptor loci. Mutations in the con­
trolling loci would again be difficult to detect since 
they need only be specific enough for protein recognition. 
This model also does not require a separation of the two 
types of regulatory and structural cistrons as the Britten 
and Davidson (1969) model. The inactivation of a single 
operon might be expected to affect other loci due to the 
lack of production of the secondary regulatory genes within 
this operon. This might explain the pleiotropic effects 
manifest by mutations in many loci of Drosophila (see 
Carlson, 1959b). Also, a mutation of an acceptor locus 
to a condition such that it no longer recognizes its reg­
ulatory protein could be suppressed by a compensating mu­
tation in the regulatory protein onoHci at another locus. 
This might explain cases such as the dominant suppression 
by some white gene alleles of mutations at the zeste locus 
(Green, 1959s)» 
Crick (1971) has proposed a model for the structure 
of chromosomes of eucaryotes that has as its basis the 
cytogenetic data of polytene chromosomes. It is assumed 
the structural genes are located in the interband regions, 
as there is sufficient DNA per interband to code for an 
average-sized protein» The so-called "globular DNA" of the 
bands would then be left with the function of regulating 
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the structural gene. This control would be effected through 
single-stranded recognition sequences that can interact with 
proteins and/or RNA. Most of the DM in the band would 
function to expose and stabilize the correct recognition 
sequences. This would be done by an interaction of the 
DM with the chromosomal proteins, so again the exact base 
sequence of most of the band DNA is not critical. 
Paul (1972) has also discussed a model based on the 
chromomere pattern. In this case he hypothesizes that the 
interbands, because of their less compact nature, are the 
sites of binding of nonhistone proteins which cause a local­
ized reduction of the supercoiling. This uncoiling allows 
for the binding of RNA polymerase molecules, that, in the 
absence of any repressor proteins, will transcribe the DNA 
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explained selective advantage to having large transcriptive 
units that originally arose by tandem gene duplication. If 
there is a selective advantage at having a tandemly repeated 
structure like this, then it will be maintained, as the 
ribosomal RNA genes might illustrate. If there is no ad­
vantage other than a requirement for a certain-sized unit, 
then all of the structural genes but one will be evolution-
arily degraded. If this entire structure were then to be 
transcribed, a large hnRIiA molecule would be produced with 
a lot of nonessential nucleotide sequences that would have 
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to be "processed," so only the one essential coding sequence 
would reach the ribosomes. Mutations anywhere within the 
locus would then be noncomplementary due to improper 
processing of the transcript. 
Beermann (1967) has earlier postulated that a chro-
momeric unit might consist of an initial "master" segment, 
which is active in transcription, followed by a long tail 
of less essential base sequences which serves to retain the 
codable sequence until it can be processed. This latter 
model would allow the survival of almost entire band de­
letions since the nonessential DM only facilitates this 
processing. This survival would not take place in natural 
conditions as such a loss vrould be a selective disadvantage 
in the long run (Beermann, 1972). 
The models or Britten and DaviubOii (1969), Gscrgicv 
(1969) and Crick (1971) all hypothesize that only a minor 
part of each functional unit actually codes for protein. 
The models of Bonner and ¥u (1973), Paul (1972) and 
Beermann (1967) might conceivably be involved vjith the 
synthesis of polycistronic molecules which are differ­
entially processed in various tissues or developmental 
states to yield the proper mRNA molecule. In the absence 
of biochemical data, the analysis of complex loci in 
Drosophila might be able to distinguish such models since 
cytogenetic analysis of such loci can correlate the cytology 
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with the genetics, both of which in some way reflect the 
DNA arrangement. 
Complex Loci 
An aspect of Drosophila genetics which is interesting 
in its own right and pertinent to the one gene-one band 
problem is the study of complex loci. A single locus can 
have mutants with clearly different morphological effects, 
even affecting different organs of the animal. Cis-trans 
tests involving mutants at such loci also reflect their 
complexity by revealing complicated patterns of complemen­
tation among the mutant sites. The functional diversity 
gives the impression of the action of independent units 
within the locus, while at the same time the different 
mutant :itcc behsvs as alleles in genetic r.nsi.s. Fseijuo-
allelism is the name given to the related ambiguous situa­
tion where recombination occurs between mutants that are 
phenotypically alleles at the same locus and therefore 
supposedly inseparable. Of course we know now that it is 
possible for mutant sites which involve base changes at 
adjacent nucleotides in the DBA to be separable by recom­
bination (Helinski and Yanofsky, 1962). An important point 
to consider is whether it is possible to predict spatial 
relations of mutant sites from their phenotypic actions 
alone (Green, 1963). This seems to be the case with some 
k-0 
pseudoallelic series (bithorax; Lewis, 1963), but not so 
with others (Notch; Welshons, 1965)• Several of the gene 
complexes or so-called pseudoallelic series will be dis­
cussed here in relation to their relevance to the present 
work. 
Notch 
The sex-linked Notch locus is comprised of dominant 
Notch (N) mutants and an array of recessive visible muta­
tions. The N alleles express a notched wing phene plus 
other more subtle effects including eye roughness, extra 
or missing bristles and hairs, and changes in wing vena­
tion. The N mutations are also lethal in homozygous or 
hemizygous condition; therefore they can also be classified 
as recessive lethals (Welshons, 1958). The recessive vis­
ible alleles fall into two general classes of eye (facet 
(^); facet-glossy (fa£) ; split (s^l) ) and ifdng (facet-
notchoid (fa^°) ; notchoid (nd) ; notchoid-2 (n^)) mutants 
all of which show a pseudodominant expression when hetero­
zygous with any N allele. There is a complex complementa­
tion pattern among the recessive visibles where hetero-
zygotes of two mutants within the same class (i.e., eye 
or wing) may or may not complement each other, but all wing 
mutants are complementary to all eye mutants. The separate 
N mutations, as well as the recessive visibles, can be 
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linearly ordered ivithin the locus by recombination with a 
total map length of about 0.13 map units. The manifold 
morphological effects combined with the complex comple­
mentation patterns might seem most easily explainable as 
the characteristics of a locus with several subunits in­
volved in independent functions. However, because the 
eye and wing recessive visible mutations are interspersed 
with each other and because N mutations are distributed 
throughout the map and fail to complement each other or 
the recessive visibles, Welshons (1965) has suggested the 
Notch locus exists as a single cistron. Shellenbarger 
and Mohler (1975) have recently come to the same conclusion 
based on an analysis of temperature-sensitive mutations at 
Notch. In addition to showing that a single site, tem-
perciturc-sensitive N allele is defective for all the 
pleiotropic conditions found at the Notch locus, they have 
shox'jn that the interallelic complementation observed among 
the recessive visible eye mutants is apparently due to the 
temporal nonoverlapping functioning of the defective Notch 
gene products. For example, the heterozygote fa^/spl shows 
complementation because fa^ produces a Notch gene product 
which only functions abnormally in pupal development, where­
as the spl gene product is defective during larval develop­
ment. The localization of the Notch locus to the single 
salivary band 3C7 (Slizynska, 193") would then correlate a 
42 
single cistron to a single band (Welshons, 1965)-
Dumpy 
The dumpy (^) locus on the second chromosome has 
recessive mutant alleles which affect three general pheno-
types: oblique wings ('o) produces truncated wings, 
vortices ('v) causes whorls of hairs to be produced on 
the thorax, and lethal ('1) results in death. Mutant 
alleles exist which show one, two. or all three of the 
phenotypes in all possible combinations. For example, 
'olv/'ov heterozygotes express oblique wings and vortices 
but are not lethal. This series of alleles is similar to 
the Notch alleles in that two separate alleles ('o;'v), 
neither of which complements with a third allele ('ov), 
will complement with each other as is the case with fa^ 
and spi being complementary to each other but showing 
pseudodominance with a Notch allele. In addition, all of 
the recessive lethal mutations in both genes are distributed 
throughout the locus and are mutually noncomplementary. In 
selecting for recessive lethal mutations at the Notch locus 
without a dominant Notch phenotype, Welshons (1965) showed 
that the X-ray induced mutant 1(1)N complements the re­
cessive visible mutations at the Notch locus but is lethal 
in heterozygotes with typical dominant N mutations. This 
mutant corresponds to the '1 mutants at the dumpy locus. 
^3 
Carlson (1959a) and Southin and Carlson (1962) have 
positioned the alleles in the dumpy locus by recombination 
(total map length =.115 map units), and, as at the Notch 
locus, the different classes of mutants are interspersed 
with each other giving the impression there is not a sub-
unit structure of the locus into functionally distinct 
subloci. Deletions of this locus result in the extreme 
'olv expression; however, all of the 'olv point mutants 
map at the same site which might lead one to believe they 
are some sort of polarity mutants in an operon. In addi­
tion, the dumpy series of alleles may be associated with 
section 25A of the salivary chromosomes based on the 
existence of dumpy mutations having chromosome aberration 
breakpoints within this region (Lindsley and Grell, 1968). 
There is a four-banded repeat surucGure locaLeu in secLiuxi 
25a which Bridges (1935) has suggested may represent small 
intrachromosomal duplications, or repeats, that have under­
gone subsequent divergence during evolution and may repre­
sent the cytological picture of a pseudoallelic locus with 
related, yet functionally distinct subunits. These last two 
features of the dumpy locus seem to indicate that it may be 
a gene complex of at least two cistrons, but a single cistron 
explanation still cannot be ruled out (VJelshons, 1965; 
Lewis, 1967). 
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Bithorax 
The bithorax (ta) locus is located on the third chromo­
some and is probably the pseudoallelic series that has the 
most convincing evidence for an operon-type organization. 
It is made up of five groups of mutants having related, yet 
clearly distinct, phenotypic effects involving the meta-
thoracic development. Lewis (1951) showed that the meta-
thorax differentiates from two independent halves and that 
mutants affecting the anterior metathorax were separable 
from the posterior half mutants into pseudoalleles. The 
five subloci from left to right on the genetic map are 
bithorax (to), Contrabithorax (Cbx), Ultrabithorax (Ubx), 
bithoraxoid (bxd). and postbithorax (nbx). Mutants at 
bx and ubx cause the anterior and posterior parts, re­
spectively, of the metathorax to develop into a vjing-
bearing rather than halter-bearing segment. Contrabi­
thorax (Cbx)is a dominant homozygous-viable mutant that 
transforms the wing-bearing mesothoracic segment into a 
metathoracic structure with a halter-type structure. 
Ultrabithorax (Ubx) mutations are dominant, homozygous 
lethals that seem to cause complete impairment of the 
entire locus. These mutants combine the properties of the 
three recessive mutant types and enhance the effects of 
each recessive mutant in heterozygotes. Deletions of the 
entire locus cause a Ubx phenotype. The bxd mutants combine 
k5 
the phenotypic effects of pbx with an additional altera­
tion of the first abdominal segment into a thoracic state 
resulting in an abnormal fourth pair of legs. These 
mutant sites are independent both functionally and recom-
binationally. Recombination studies have separated the 
adjacent loci into the five distinct phenotypic classes 
with small map distances of from 0.005 to 0.01 between 
units, giving a total length of about O.O3 map units 
(Lewis, 1963). Cis-trans tests reveal a complicated 
complementation pattern, but the phenotypic manifestations 
of heterozygous combinations are related to the separate 
effects of the mutant functions involved. For Instance, 
bx and pbx affect the anterior and posterior halves of the 
metathorax respectively and these independent effects are 
complementary in heterozygotes = 8"! nr-e l)Xu lias a 
phenotypic overlap with pbx in that both transform the 
posterior metathorax, the heterozygote bxd/pbx shows this 
morphological aspect but not the abdominal alteration as­
sociated solely with bxd. Thus, it seems this locus also 
has some similarities with the Notch locus. Both N and 
Ubx mutations are dominant phenotypically and each also 
has a recessive lethal effect. Both can also result from 
point mutations or entire locus deletions, and each shows 
a pseudodominant expression of their corresponding recessive 
visibles when in heterozygous combination. The recessive 
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mutations at each locus show a complementation pattern that 
relates somewhat to their morphological independence. How­
ever, the bithorax alleles have phenotypes which can be 
used to assign spatial locations to the mutant sites within 
the gene, because there is a one to one correspondence be­
tween phenotype and subloci sites identified by recombina­
tion. This, we have seen, is not true at Notch. Another 
main difference between the two loci is that cis-trans 
tests at the bithorax complex show a polar effect that is 
unknown at Notch. Ultrabithorax (Ubx) mutants are local­
ized to one site whereas Notches (N) are distributed 
throughout the gene. The bithorax locus is associated with 
the two double bands in section 89E of the salivary chromo­
somes and rearrangements involving breakpoints between these 
ri.to rirm'hl or hanrto •narn-in q r>r-i tr-i r tt- rit" rViQ -r-i-por rVrpoo ottoc 
in the locus but have inactivated the last two (Lewis, 
1967). This data indicates the bithorax locus has char­
acteristics of an operon type organization where several 
cistrons are under coordinate control and expression. 
Rosy 
There exist other loci which, although they have mul­
tiple alleles, seem by all evidence to be individual cis­
trons. Such is the case with the rosy (^) locus on the 
third chromosomes. Mutations at this locus lead to a 
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reduction of red eye pigments (drosopterins) resulting in 
a brownish eye color. All of the rosy mutants fall into 
a single complementation group, and many of the mutant 
sites are separable by recombination (Chovnick et al., 
— ? 196'+), but with tight linkages of less than 10"" map unit. 
Biochemical analysis of some of the rosy alleles shows that 
all homozygous and heterozygous combinations of rosy 
alleles lack normal amounts of the enzyme xanthine de­
hydrogenase (XDH) as determined by chromatography. The 
enzyme activity is correspondingly reduced, as there is 
an accumulation of the enzyme's substrates, and a lack of 
its products (Forrest et al., 1956; Mitchell et al., 1959). 
Yen and Glassman (1965) have shown there is a class of 
wild-type isoalleles at the rosy locus which produce 
clcctrcphcrstic variants or xanthine npnyilv-ogeriase. Al­
though it is apparent from the biochemistry of xanthine 
dehydrogenase that rosy is not the only locus responsible 
for the enzyme's normal operation (Chovnick et al., 1969), 
it appears that rosy is the structural gene for the enzyme 
or at least a polypeptide component of it. This locus is 
most easily interpreted as a single gene composed of a 
single cistron. The cytological location of rosy has not 
been precisely localized but is somewhere in the region 
87D-F (Lindsley and Grell, 1968). 
4-8 
White 
An interesting condition exists at the white locus as 
concerns pseudoallelic series. Here there exists alleles 
resulting in all shades of eye color ranging from white to 
nearly red (Lindsley and Grell, 1968), yet the series of 
alleles comprises a single cistron by the cis-trans test. 
Nevertheless., the white locus appears to be a pseudoallelic 
series containing from three to five subloci depending on 
the different criterion used. Recombinationally there are 
five groups of mutant sites (Judd, 1964). These groups 
show evidence for functional diversity between each other 
(Green, 1959a). The so-called "white" group, which in­
cludes the original white mutation, lacks normal dosage 
compensation so that males generally have a lighter eye 
color than thm remale. In addition, the mutants in this 
group are dominant suppressors of zeste (z), in that fe­
males homozygous for zeste and heterozygous for these white 
alleles will have a normal colored eye. These same mutants 
are also enhanced by enhancer of eosin (en-w^). To the left 
of the "white" group at a map distance of 0.01 unit is the 
"apricot" group which is recombinationally separated into 
two subsites (Judd, 196^). The "apricot" alleles are dos­
age compensated, fail to suppress zeste and are not enhanced 
by en-w^ = In addition, they do interact \-jith the other eye 
color mutants garnet (^) and ruby (rb) producing generally 
9^ 
lighter colored eyes when in a cis arrangement. There is 
no overlap between the "white" and "apricot" groups recom-
binationally. A third group which is the "white-spotted" 
group are characterized by a mottled eye color. These 
alleles occupy the right-most site in the white locus and 
they show dosage compensation, suppression of zeste, and 
partial complementation with mutants in the other two 
groups. This is a simplified picture of the white locus, 
but it stresses a point made by Green (1963). Even though 
all of the mutants at the white locus are phenotypically 
alleles and therefore seem to affect the same function, 
there are obviously some subtle differences between the 
recombinationally distinct subloci which reflects a func­
tional discreteness. It could then be true that all such 
nsevidoHll h"! i n "icifi havR functionp.lly related, yet distinct, 
subunits; one only has to find the "proper assays" to de­
tect the differences. 
Such functionally related loci are hypothesized to 
have occurred by tandem duplication with subsequent di­
vergence of the nucleotide sequences so that the subunits 
would have little pairing affinities with each other which 
might result in unequal crossover events. Most pseudo­
alleles do not show any asymmetrical crossing over but 
there is some evidence that it may indeed occur (Green, 
1963), at least at the white locus. 
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The white locus is interesting in another respect 
concerning its salivary chromosome location. As it appears 
to be a pseudoallelic series one would predict it might be 
associated with a doublet band as is the case with dumpy 
and bithorax. This seemed to be the case as white was 
classically located in the 3C2-3 doublet of the X-chromo­
some. Only recently Sorsa et al. (1973) have shown that 
the white locus can only extend a relatively short distance 
into the 3C2-3 doublet. 
These results on complex loci point out several things. 
The first is that complementation patterns cannot be used 
to assign spatial relationships among mutants in all cases. 
It is therefore difficult to determine whether loci consist 
of a single cistron or multiple cistrons that are func­
tionally related, auch distinctions must await Lhe level 
of gene-product correlations that exist in the microbial 
systems. In the absence of such information it seems that 
the study of temperature-sensitive alleles will provide 
an important source of Information relating the gene to 
its product(s) (Shellenbarger and Mohler, 1975). A second 
point is that recombination frequencies in no way offer 
any criterion to distinguish pseudoallelic loci from single 
cistrons. Notch and dumpy both have map lengths longer 
than 0.1 map unit but bithorax and rosy both show small 
linkages (less than 0.03 map unit) between their allelic 
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sites. The cytology of all of the loci is not precise 
enough to be able to conclude a relationship of this nature, 
although the known results seem to indicate there is no 
apparent correlation between complex loci and certain band 
types. Nevertheless, it seems that in the absence of de­
tailed gene-product biochemical data, the study of gene-
band relationships of complex loci provides a useful ap­
proach to the understanding of the eucaryotic chromosome. 
Development of the Problem 
The preceding discussion has attempted to summarize 
some of the knowledge dealing with the relationship be­
tween the polytene chromosome bands and the genes. It is 
not necessary to point out the absence of a complete under­
standing of this problem. One does not to list the many 
shortcomings of each and every piece of data to illustrate 
this fact, Tb is probably generally true that the degree 
to which a subject in biology is understood can be measured 
as an inverse proportion to the number of models proposed 
to explain it. We have seen some of the many and varied 
models dealing with the gene-band problem, and so our point 
is made. There is a great deal of information that needs 
to be knoTO before the story is closed. 
One possible approach to an answer to the band-gene 
problem is through the cytogenetic analysis of mutations 
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associated with visible chromosomal aberrations. To this 
end the recessive visible mutation facet-strawberry (faf^) 
seemed particularly useful. This is an eye-facet mutant 
allele at the complex Notch locus, which we have seen is 
localized to polytene chromosome band 3C7 (Slizynska, 1938? 
DemereC; 1939)» Early in this study it was discovered by 
examination of the salivary gland chromosomes that this 
recessive visible allele was associated with an abnormal 
cytological condition. In cytological preparations of 
fa^^^ male larvae there appears to be a partial, if not 
complete, deletion of band 3C7. The significance of this 
discovery is better appreciated when it is realized that 
those Notch mutations which are completely deficient for 
the Notch gene are inherited as recessive lethals. 
At ths same time that our interest vjas being fm^useu 
on the cytological aberrant fa^^^ mutation, Welshons (197^) 
published information on intragenic Notch deletions which 
supports the polytene band 3C7-Notch locus relationship. 
In addition, the data from the Notch deletions indicated 
that a major portion of the Notch gene may localize to the 
interband region to the right of 307, but that the band 
still played a role in the functioning of the Notch gene 
(Welshons, 197^). During this same period, Sorsa et al. 
(1973) presented a report in which the conclusion was 
reached that the white locus could be associated at most 
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with only a small portion of the left edge of salivary 
band 3C2. 
Wioh these recent developments from the results of 
cytogenetic analysis, it seemed reasonable to expect that 
a study of the fa^^^ mutation might provide some additional, 
useful clues to gene-band relationships. Also, because the 
Notch locus is a complex one, there exists an abundance of 
existing information and genetic material with which to 
work. With this background, it was decided to use genetic 
recombination and cytological observation of the salivary 
chromosomes to clarify the nature of the fa^^^ aberration. 
MATERIALS AND METHODS 
Culture Conditions 
Drosophila cultures were grown in quarter pint bottles 
containing the standard cornmeal-sugar-yeast-agar medium 
into which is pushed a folded Kimwipe (Kimberly-Clark 
Corporation) to provide a dry surface for the larvae to 
pupate on. Stock cultures were generally changed every two 
weeks and were maintained at room temperature (21^0), Re­
combination experiments and phenotypic tests were always 
performed at 25°C, The genetic experiments involved three 
subcultures per original bottle. The original parental 
flies were transferred in order to obtain the maximum num­
ber of progeny from a finite group of parents, since the 
flies are fertile for as long as they live. Subculturing 
is also necessary to avoid progeny overcrowding in the bot­
tles. This is important because sometimes the recombinant 
progeny have less viable genotypes and would be lost if 
there were any competition. Generally, all of the parental 
subcultures in every cross followed the schcme of four days 
in the first culture, three days in the second, three days 
in the third, and five to eight days (depending on the fer­
tility of the females used) in the last culture. Cultures 
for the growth of third instar larvae, to be used for the 
cytological preparation of salivary gland chromosomes, 
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utilized the same growth medium as above but was seeded 
first with dry baker's yeast (Fleischmann's) and no Kim-
wipe was used because larvae can be more easily selected 
when they crawl up on the glass. Salivary cultures were 
generally kept at 25°C while the eggs were being laid for 
one or two days, but were then transferred to room tem­
perature for larval development. Salivary culture parents 
were generally subcultured every day for two to four days. 
Distilled water was added to the culture medium whenever 
it became dried out during growth periods. Sometimes, 
extra Kimwipes were added to cultures in which the medium 
had become too liquefied. Progeny tests of recombinant 
offspring, or any tests involving individual flies, were 
performed utilizing the same growth medium in small vials 
or 25^0. 
Stocks 
Many of the mutant stocks used have been amply de­
scribed in detail by Lindsley and Grell (1968), to whom 
the reader is referred for additional information. Table 
1 gives a concise description and location of the mutants 
used and any especially relevant characteristics to the 
present study. More detailed information will be discussed 
in the text when necessary. 
Table 1. Description of mutants 
Mutant 
symbol 
Z 
w 
N 
N 62bl 
fe. swb 
Muts.nt 
name 
(=.swbZi^) 
yellow 
whlte-
apricot 
Notch (point 
mutants; 
Notch (deficiency) 
facet-
strawberry 
Mud; ant 
trslt(s) 
Chromosomal 
location^ 
Other pertinent 
information 
yellow body 
apricot (yellow­
ish-orange) 
coloi'ed eyes 
notched wings, 
thickened wing 
vein;; J bristle 
abno]'malities, 
rough eyes 
not died wings, 
thiclcened wing 
vein;3, bristle 
abnormalities, 
rougli eyes 
rough eyes 
1-0.0 
1 - 1 . 5  
1-3.0 
deficiency 
includes 
bands 3C8-
3D5 (Wel-
shons, I97I+) 
1 - 3 . 0  
when in cis arrange­
ment with ruby gives 
white eyes in homo­
zygous or hemi-
zygous condition 
phenotypically domi­
nant and also behave 
as recessive lethals 
(see Materials and 
Methods) 
genetically defi­
cient from Notch 
through diminutive 
a recessive visible 
mutation with ab­
normal cytology 
^The location is indicated by the chromosome number, separated by a hyphen 
from the genetic position on the chromosome. 
Table 1 (Continued) 
Mut ant 
symbol 
fa 
..g fa 
fa no 
no: 
nd' 
Mutant 
name 
facet 
facet-glossy 
split 
facet-
not cho id 
notehoid 
notchoid-2 
Mutant 
trait(s) 
Chromosomal 
location^ 
Other pertinent 
information 
eyes slightly 
rough, occasional 
wing nicks in males 
eyes rough with 
smooth surface giv­
ing a glossy effect 
eyes slightly rough 
and educed in size, 
bristles sometimes 
doubled or missing, 
leaviLng empty sockets 
not died wings, 
thiclcened wing veins, 
deltas at junction of 
veins with wing 
margins 
notched wings, 
thiclcened wing veins 
notched wings, 
thic'.cened wing veins, 
eyes slightly rough 
1 - 3 . 0  
1 - 3 . 0  
1 - 3 . 0  
I-3.O heterozygotes of 
1 - 3 . 0  
1 - 3 . 0  
fa with dominant 
notches are almost 
completely lethal 
Table 1 (Continued) 
Mutant Mutant Mutant 
symbol name trs.ltCs) 
r]D ruby eye color ruby 
lethal 
l(l)To-l^a lethal 
Dp(lî2)w^ a duplication 
of a section of 
the X-chromo­
some t;?anslo-
cated to the 
right arm of 
chromosome 2 
dm diminutive 
lethéil mutation 
in pi'oximal por­
tion of X-chro­
mo s one 
lethal mutation 
in p]*oximal 
port;.on of X-
chroiiosome 
duplr.cation has 
at least the nor­
mal alleles for 
region from w to 
dimiiiutive and in 
eludes at least 
3C2-3D2 (Lefevre, 
19^2) 
bris:les and body 
small and slender 
Chromosomal Other pertinent 
location^ information 
1-7.? 
lies in the 
region 18F-
20A (Schalet 
et al-, 1970) 
lies in the 
region 18F-
20A (Schalet 
et al., 1970) 
right arm of 
chromosome 2 
when in cis arrange­
ment with ^ gives 
white eyes in homo­
zygous or hemizygous 
condition 
nonallelic but close 
to l(l)To-l^a 
nonallelic but close 
to 1(1)D)+1L1 
used to cover 
lethality at Notch 
locus 
1-4- « 6 
Table 1 (Continued) 
Mutant 
symbol 
Canton-S 
sn-
Mutant 
name 
Canton-
special 
singed-3 
X-ray induced 
deficiency of 
bsuMls 3C2-3C6 
in X-chromo­
some 
Mutant 
trait(s) 
Chromosomal 
locations-
Other pertinent 
information 
mid type standard 
bris:les twisted 
and shortened as 
if they'd been 
burn: 
gene:ically it is 
w~, est", vt~, N"*" (Lefevre and Green, 
1972) 
1-21.0 
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The sex-linked Notch (N) mutations can be referred to 
as dominant visibles and/or recessive lethals. Lindsley 
and Grell (1968) list over 100 Notch alleles, many of which 
are associated with deletions or chromosomal breakpoints 
involving salivary band 307. Other Notch mutants appear 
to be point mutations (Welshons and Von Halle, 1962), and 
these can be linearly ordered within the locus by recom­
bination (Welshons and Von Halle, 1962; Welshons, 1965)» 
Figure 1 shows a genetic map of the Notch locus that il­
lustrates the distribution of Notch alleles throughout 
the locus. 
The alleles and are typical Notch 
mutants showing a strong notched wing expression, thickened 
wing veins forming deltas at the wing margin, and bristle 
abnormalities, particularly evident oxi Lhe olioi-aA, when In 
heterozygous ccmblnation v/ith a normal allele. N^° is 
more likely to have thickened wing veins than notched wings 
(Welshons, 1956) as is but in addition, the latter 
is temperature sensitive for a rough eye phenotype 
(Welshons and Von Halle, 1962; Foster and Suzuki, 1970). 
The deletion Notch Df(1)N^^^^ was induced by irradia­
tion and has been cytologically described as a deficiency 
for bands 308-3^5 and genetically lacks 80 percent of the 
right portion of the Notch gene (Welshons, 197^). The ex­
tent of the deletion also includes the locus of diminutive 
ira fa^ fa^'° 
__LL__L_ 
s pi nd nd^ 
N- i'5ell N 26^-)fO J K 60gll 
recessive 
visible 
recessive 
lethal 
Notches 
, 06 01 .03 .03 map units 
Figure 1. Genetic map of the Notch locus. 
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(dm) (Welshons, 197'+). 
The recessive visible allele facet-strawberry (faf^) 
was X-ray induced by Lefevre and Kelley (1972) who demon­
strated its allelism at the Notch locus and thereby showed 
that the original allelic designation of swb'^^^ was incor­
rect. The fa^^^ mutant is characterized in males by an 
abnormal eye facet arrangement that results in a rough eye 
phenotype with some variable tendency to be slightly glossy 
at scattered spots, giving the "patchy" look described by 
Fahmy and Fahmy (1958) for the original swb allele (see 
Lindsley and Grell, 1968). Concerning more subtle effects, 
fa^^^ shows extra hairs on the thorax which are irregu­
larly aligned giving a slightly "hairy" appearance char­
acteristic of Notch alleles. In addition longitudinal 
vein ill is slightly thickened and there are occasional 
small deltas at the juncture of the longitudinal veins 
with the marginal vein. The fa^^^ allele is not dosage 
compensated, and as a result, the eye phenotype in 
homozygous females overlaps wild type; the other more 
subtle effects may or may not be expressed to a lesser ex­
tent, but we cannot be sure. As a result of the difficulty 
involved with the ascertainment of the bristle and v.dng 
vein effects, the main phenotypic criterion used to judge 
the fa^^^ allele during recombination experiments has been 
the rough eye effect. 
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The other recessive visible mutations are described in 
Table 1 and their spatial arrangement within the locus is 
illustrated in Figure 1. These mutants can be grouped into 
the general classes of eye mutants and wing mutants 
(Welshons, 1965) for describing their complementation pat­
tern. With the exception of the mutant split (spl) which 
complements all the other recessive visibles, any hetero­
zygous combination of an eye mutant with a wing mutant will 
show complementation, whereas within group heterozygotes 
display noncomplementation. This information seems to con­
flict with the fact that all of the recessive visible 
alleles show pseudodominance when heterozygous with any 
Notch allele, thereby indicating they all belong to the 
same functional cistron. It could be that all comple-
r\-f* nr»"t"nollTr UiOXXU a, J. L».*. ^ 
noncomplementary, but the subtle mutant effects are below 
the limits of visible detection (Welshons. 1965). Another 
solution to this apparent complex pattern of interaction 
has recently been explained from the results of a study of 
temperature sensitive mutations at the Notch locus by 
Shellenbarger and Mohler (1975)• Their conclusions indi­
cate the interallelic complementation is due to the non-
overlapping times and spaces of action of the differently 
mutant Notch gene products in heterozygotes. The new allele 
OT.r'b fa was not included in this latter study, but its 
6^ 
interaction with the other recessive visibles does not 
seem to indicate it is in any way unusual in this respect. 
Females of the genotypes faf^/fa and faf^/s£l have eye 
textures overlapping wild type. The combination faf^/fa£ 
is noncomplementary in that the eyes are rough and show 
the mottled glossy effect characteristic of hemizygous 
fa^^^ males. This is in contrast to the glossy phenotype 
reported by Lefevre and Kelley (1972) for such a hetero-
zygote. If there is any noncomplementation of fa^^^ with 
p 
the wing mutants notchoid (nd) or notchoid-2 (nd ) it is 
not readily observable, and the heterozygotes faf^/nd 
and faf^/n^ overlap wild type phenotypically. The 
faSWb/fano have normal eye texture but do occa­
sionally have wing vein deltas at the margins. In summary, 
maxcû a xoxjlcxuxc ± a. piiciiuv jpc ^  aiiu uiic wiixjr 
recessive visible mutant that gives an objective phenotype 
in heterozygotes with fa^^^ is fa£= 
Facet-strawberry shows an extreme pseudodominant ex­
pression when heterozygous with . or 
Df(1)N^^^^. and these N/faf^ females are semilethal. 
Those females which do survive to the adult stage are ex­
tremely inviable, living only a few days, and have very 
low fecundity. They have rough and glossy eyes and express 
a very pronounced notched vri.ng with grossly thickened veins. 
The combination has these same characteristics 
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except there are no notches in the wings. The temperature 
sensitive allele behaves in a less extreme manner 
than the other Notches in relation to faf^. The genotype 
jj6Qglly^g^swb gaugeg rough eye that is not glossy, and 
only a slight enhancement of the wing vein deltas char­
acteristic of this Notch. The females are sufficiently 
viable and fertile to be utilized as parents in recombi­
nation studies. 
The X-ray induced deficiency, D f i s  a  
cytological deletion for salivary bands 3C2-3C6 of the 
X-chromosome. Genetically it is male lethal and deficient 
for the normal alleles of white (w), roughest (rst). and 
verticals (vt) located in this cytological interval 
(Lefevre and Green, 1972). An interesting characteristic 
of this deficiency is that it has the same cytology as 
two other deletions that also express an impairment at the 
Notch locus (Welshons, 19740. 
The two proximally located sex-linked lethal muta­
tions 1(1)D4-3L1 and l(l)T^-l4a were obtained from 
Chovnick's laboratory. 
Genetic experiments 
Recombination experiments were performed to define the 
position of the allele with respect to the other re­
cessive visible alleles and to isolate double mutants of 
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with each other allele. The procedure used involves 
the standard method of constructing heterozygous females 
for fa^^^ and the other recessive visible, and then mating 
to a male with a genotype that will hopefully allow the 
recovery of all recombinant chromosomes in both sexes. To 
illustrate the procedure used, the cross with fa^° will be 
described. Females of the genotype wf; fa^/faf^ rb were 
crossed to males of the genotype w^ fa^fa^° rb. The closely 
linked eye color mutants white-apricot (^) and ruby (rb) 
are 1.5 map units to the left and ^.5 map units to the 
right of the Notch locus respectively. These closely 
linked peripheral markers are used to aid screening for 
recombinant progeny and also to verify the occurrence of 
an exchange event. The location of the fa^° allele is 
knowTi within trie loeus and the experiment demonstrated 
that fa^^^ lies to the left of this site, so the cross is 
more accurately represented as + fa^° +/+ fa^^'^ + rb x 
wf fa^ fa^'^ rb. Crossing over between the two allelic 
mutant sites results in chromosomes of the genotypes 
idi ± ± Zb and + fa^^'" fa^^" +. If fa^^^ had been to the 
right of fa^°. the flanking markers would have been the 
reverse of that illustrated for the two recombinant chromo­
somes. In this case the recombinant chromosomes were both 
detectable in each sex by taking advantage of the comple­
mentation between the eye and wing mutants and the 
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noncomplementation of the eye mutants fa^^^ and fa£. It 
was not always possible to recover all recombinants in both 
sexes. This is due to an ignorance of the double mutant 
phenotype and its expression in heterozygous condition. 
A special problem is encountered in recombination ex­
periments involving Notch alleles because of the extreme 
pseudodominance expressed in W/faf^ heterozygotes. In 
order to enhance the viability and fertility of such fe­
males, use was made of the autosomally located duplication 
DD(l;2)w^^^^ (Lefevre, 1952) to cover the mutant effect at 
the Notch locus. The presence of such a duplication ob­
scures the genotypes at the Notch locus of that half of 
the progeny receiving the duplication-bearing autosome. 
In order to compensate for this reduction in resolving 
pover, use was manp nf trie two uroximally located sex-
linked lethal mutations 1(1)D^3L1 and l(l)To-l^-a. Females 
of the genotype y wf; ± dm" + 1(1)D44L1/+ w2 fa^^^ + 
+ rb l(l) T n -l^a ; Dp(l;2)w^^^V+ are crossed to 
w^ fa^ fa^° rb males. There are no male progeny produced 
due to the lethality of KDdH-^LI and iCPT^-l^a, regardless 
of the presence or absence of the duplication. Half of the 
female offspring inherit the autosomal Do(l;2)w^^^^ and 
survive, but they do not reveal their genotypes at the Notch 
locus; thus5 they represent untested chromosomes. Those fe­
males vàthout the Notch locus duplication have either the 
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N-bearlng chromosome, which is lethal over the paternal 
fa^° allele, or they have the faf^-bearing chromosome, 
which when combined with the paternal X-chromosome will 
yield a rough eye. The experiment demonstrated, by the 
production of ^ wf; + + + rb KPT^-l^a/w^ fa^ fa^° rb 
females that fa^^^ was separable from the deletion. 
No special problems are involved in isolating the y w^ + 
+ + rb chromosome as a male from the above females since 
the lethal allele is so loosely linked to the other mutant 
sites it easily crosses off. 
The experiment with did not require the use of 
the proximally located lethals because the previous experi-r 
ment s indicated that fa^^^ should be easily separable from 
this Notch; therefore the compensatory use of these lethals 
was not necessary. 
The mild interaction of the temperature-sensitive 
allele with fa^^^ allowed a cross to be performed 
without the use of the Notch gene duplication. This situ­
ation is unique for fa^^^ heterozygous with N alleles. 
This fact, plus an experience-derived prediction of the 
effect of fa^^^ in a cis position, allowed the recovery of 
fa^^^ double mutants. 
The final type of recombination experiment involves 
the deficiency, DfCPw^^^^O = pf(i)^C2-^C6. This deletion 
lacks the normal alleles for white (w), roughest (rst). and 
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verticals (vt) but does not include a lesion at the Notch 
locus; therefore, no special problems are involved in con­
structing trans hetero zygote s VTith faff^. Recombination 
occurs between Dfand mutant sites in the Notch 
locus (Welshons, 197^), so by symbolizing DfCljw^^^^O ^s 
w". the exemplary cross of vT + +/+ fa^*^ fa^ females 
mated to wf; fa^^^ fa^ males can be viewed simplistically 
as a cross between the two mutant sites of w^. &nd faf^. 
Exchanges occurring between the two mutants yield re­
combinant chromosomes of the genotype + + + and 
w" fa^^^ fa£c As will become more apparent after further 
information is discussed, it is the cytology of these 
recombinants that is relevant. 
Chromo some Count s 
The progeny from the genetic crosses are put into a 
temporary morgue that consists of approximate equal parts 
of detergent water and 95 percent ethanol. Upon completion 
of the experiment, the corpses are rinsed and dried, and an 
estimate of the number of flies is made by proportionate 
weight comparison with a sample of hand counted flies. All 
of the counts are rounded to the nearest hundred. The num­
ber of tested chromosomes is sometimes equal to this actual 
physical count, but depending on the cross under considera­
tion, the chromosomes tested can be more or less than the 
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physical count. To illustrate this point, in the cross 
+ +/+ fa^ x wf; fa^^^ fa£, the males in­
heriting the X-chromosome with the deficiency do not sur­
vive; but these chromosomes are tested in the sense that 
their lethality shows they are not a + + + or a + fa^^^ + 
recombinant. The number of counted chromosomes would then 
be 3A of those actually tested. The opposite situation, 
where the physical count is greater than the actual tested 
chromosomes, often occurs in experiments which require the 
use of the autosomal duplication, Dt)(1;2)w^^^'^. Those 
progeny which inherit the duplication will be pheno-
typically normal with respect to the Notch locus, regard­
less of their underlying genotypes, and therefore do not 
represent tested chromosomes. 
Cytology 
The salivary chromosome preparations are made with a 
lactic-acetic orcein squash technique. Fully-grown third-
instar larvae are selected from the cultures as they pre­
pare to pupate. The salivary glands are removed by dis­
section in a drop of .75 percent sodium chloride solution. 
The glands are then fixed for 3-5 seconds in a drop of 
fixative that consists of a mixture of equal parts of 50 
percent ethanol and 50 percent acetic acid. The glands 
are then placed in a drop of ionized water for approximately 
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30 seconds, after which they are transferred to a drop of 
2 percent lactic-acetic orcein stain (2 gm orcein in mix­
ture of ml lactic acid, 50 ml acetic acid^and 7.^ al 
distilled water) placed on a siliconed slide. A cover 
slip is applied to the slide and is tapped with the dowel 
end of a dissecting needle to break open the nuclei. The 
cover slip is then squashed down with the ball of the 
thumb to spread out the chromosomes. The slides made in 
this way are temporary; however, by sealing the cover slip 
with clear fingernail polish or paraffin, the preparations 
will last about a week. The chromosome preparations were 
examined and photographs were taken with a Zeiss 
Photomicroscope utilizing phase-contrast optics. 
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RESULTS MD DISCUSSION 
We have seen from the previous discussion that the 
Notch locus is a complex one; it consists of both reces­
sive visible and recessive lethal mutations, the latter 
also being dominant Notch (N) mutants. The N alleles can 
result from either point mutations or physical deletions 
of the chromosome segment containing the Notch locus in or 
near salivary band 3C7. All of the recessive visible 
alleles at the Notch locus behave as point mutations, and 
all of them have visibly normal polytene chromosomes. 
These facts have served to focus our attention on the new 
recessive visible mutation facet-strawberry (fa^^^). be­
cause the polytene chromosomes of fa^^^ larvae show an 
abnormal band morphology at the site of the Notch locus. 
Cytology of fa^^^ 
When the salivary chromosomes of fa^^^ male larvae 
were first examined, it seemed that the X-chromosome was 
deficient for band jC? (Figure 2). Since that first slide, 
many others have subsequently been examined involving var­
ious degrees of chromosomal stretching. The general pic­
ture that has emerged from these hours of cytology is that 
there is no band in the position where 307 ought to be; 
however, certain other aspects of the c^rtology are not 
Figure 2. Salivary gland preparations of X-chromosornes. 
A. The X of a wild type (Canton-S) maie. 
B. The X of a Df(l)w^^^^^ maie illustrating 
the absence of bands 3C2 through 3C6. 
C. The X of a fa^^^ male illustrating the 
apparent absence of 3C7. 
D. The X of a w"^^^ male. The pointer indi­
cates the single band where normally 3C1 
and 3C7 are found in Df(l)w^^^30, 
E. The X of a w(id) male showing two 3C9.10 
bands and two 301,2 bands at the pointers 
( s e e  F i g u r e  3 ) .  
7^1-
3C D 
9 1 0 1  2  •  •  5 6  1 2  
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normal either. Most of the time the 3^5,6 doublet seems 
to be a little too thick. Sometimes there are "blebs" of 
band material that protrude from the right side of 305,6* 
On occasion even normal chromosomes show an irregular 
interface at the 3C5,6-interband juncture; so perhaps the 
"blebs" are sites where a certain subgroup of unit chro­
matids have been over stretched relative to those chro­
matids surrounding them. Whatever the case, the irregu­
larities seem to be more common and more pronounced in 
fa^^^ chromosomes. Infrequently we see a very faint band 
between 305,6 and 3C9,10. This might represent 3C8 in 
Bridges' (1938) map, but since we rarely identify it 
even in normal cytological preparations, we cannot be 
certain. Alternatively, this faint band might represent 
ct reiiuicinu of 3C7 which would indicate that most cf 3C/ 
has been deleted. 
It was felt that by utilizing female larvae, which 
have twice as much DM as males, the bands would stain 
more intensely and a clearer picture could be obtained. 
Actually, female salivary chromosomes do stain more darkly 
but the bands in region 3C1 to 3C7 are more distorted. 
This same result is noted for wild type chromosomes and is 
no doubt due to synaptic problems of the two homologues in 
the female. Since the bands adjacent to the 3C region of 
the X~chromosome do not show the same degree of distortion, 
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it seems that the genetic duplication existing in the 3C 
region (Bridges, 1938; Lefevre and Green, 1972) adds to 
the problem. Despite the shortcomings involved \fith the 
synapsed female X-chromosomes, females of the genotype 
faf^/+ did show consistent pairing between salivary 
bands 309,10 supporting the view that the aberration is 
confined to the interval between 3C5 and 3C9. 
The Genetics and Cytology of fa^^^ and the 
Other Recessive Visibles 
With the equivocal cytological situation associated 
with faf^, it was decided that further clarification of 
this aberration might be resolved through genetic analysis. 
Recombination experiments were performed to define the 
• . . _ _ cjXaT'W . . _ .... . . 
r\+' ' T.ri "h t» a cr-t û f-m fh-e» rNt" Joiûr» T»o.r»<a o c«"t rrc» 
visible alleles, and to isolate double mutants of fa^^^ 
with each other allele. The basic recombination scheme 
has been described (see Materials and Methods), and the 
results of these experiments are summarized in Table 2. 
In every experimental cross it was possible to recover 
the double mutant recombinant chromosome in at least one 
sex. As a result, the phenotypic interactions of fa^^'^^ 
with each recessive visible allele and the heterozygous 
interactions of the double mutants have been recorded 
( T a b l e  3 ) .  
Table 2. Genetic experiments with the recessive visible mutations 
chromo- Recombi. 
fa*"" + + X faSWt fa® rb ' ' ' ' 45,900 ^ 
11 w^ fa^"^ fa rb (m) 
A + + fa rb 
C 
Tested $ 
i 
somes nation 
swb , , ,, 22 + + + + (m & f) f_swb 
- fa'"" + rb 31 + fa-b f,no + ^ 
Due to the lack of dosage compensation, recombinant chromosomes can only be 
detected in a certain sex in any one cross. The source of the recombinant chromo­
somes is listed parenthetically» m = males; f = females. 
^These were not screened through the entire cross and so were not Included in 
the calculation of recombination frequency. 
Table 2 (Continued) 
Cross 
D f spl rb ^  -'Pl 
a 
E w 
+ faswb + rb 
X faS fa™ rb 
w a + nd + 
faswb j^no ^ X fa^ fa 
g f=no 
Q w®- + + 
+ faS"t faS rb 
x + + 
Recombinant 
chromosomes®-
Tested , % 
chromo - Recombi-
somes nation 
60 + + + + (m &f ) 
25 fa®^^ spl rb (m) 
59,000 ^7^ " ^  
36 w®" + + rb (m & f ) 
29 + fa^wb nd + (m & f) 
31,800 
faSWb _ ^ 
.20 
-<i 
oo 
^ w + + + rb (m) 
9 + fa^° + rb (m) 
8 + fa®^^ + nd^ + (m) 
18,850 
faswb _ fa*° 
fa 
.09 
swb 
- nd^ 
.13 
9 + fa^ rb (m) 
12 + faS*^ + + (m) 
f-swb _ f. g 
19,000 ^Tïx- — 
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The cross of 3^ + fa^ +/+ fa^^^ + rb females mated to 
wf; fa^ rb males was the first experiment performed and it 
yielded several surprising results. Because fa^^^ is 
0.066 unit to the left of £a£, it seems that fa^^^ is at 
the extreme left end of the genetic map (see Figure 1), 
Such a map location is unexpected for the Notch locus be­
cause if we divide the locus in half based on map distance, 
we see that only three alleles are known to lie to the left 
of the midpoint. Of these alleles, two (fa and fa£) are 
adjacent to the midpoint and only one remaining mutant site 
(N^^f^)is situated as far to the left as faf^. The 
genetic map in Figure 1 is not even complete, for there 
are many more N alleles which are known to be located to 
the right of spl (Welshons and Von Halle, 1962; Welshons, 
1965). A further point of interest is that fa^"" rcccmbinsd 
freely with another intralocus site. If fa^^^ represents a 
cytological deletion of salivary band 3^7, such a result 
would not be anticipated. Lefevre and Moore (1966) have 
shown that regions adjacent to heterozygous X-chromosome 
deletions undergo a reduction in recombination frequency, 
presumably due to pairing problems. Since the deletions 
studied by Lefevre and Moore (1966) were at least I8 bands 
long, it is not clear how much a single band deficiency 
would be expected to reduce recombination, if at all, but 
Table 2 shows that the recombination frequencies of 
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with all recessive visible alleles are not reduced, and in 
certain cases actually seem inflated. Based on the pairing 
difficulties involved with heterozygous deficiencies, this 
result is not expected for a deletional interpretation of 
One further result that came out of this cross con­
cerns the double mutant fa^^^fa^. It was not seriously 
anticipated that the coupled mutant condition could be de­
tected since it seemed that the rough eye phene of fa^^^ 
would simply be hidden by the stronger phenotype of fa&. 
but the cis combination of the two eye mutants causes a 
wing vein thickening in addition to a glossy eye effect. 
In fa^^^fa^ males, the wing veins are thickened and deltas 
are formed at the wing margins. The wing phenotype is not 
dosage compensaLed ciiid aw a result is very much reduced in 
female flies. To be sure that the two alleles fa^^^ and 
fa^ were coupled together, a cross (Table 2G) was performed 
to reisolate the single alleles by recombination. The cross 
confirmed that the double mutant was correctly identified. 
The to fa^ map distance from the uncoupling cross 
(0.11) is almost twice the value observed in the original 
cross (0.066). It is well known that recombination fre­
quencies within the same interval vary from stock to stock 
(see Lefevre and Moore, 1966) for some undetermined reason, 
so no attempt will be made here to explain this variation. 
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Because fa^^^ was associated with a cytological aber­
ration, it was suspected that the mutant lesion might be 
separable from it. Three + fa^^^ fa^ + and two w^ + + rb 
intragenic recombinants were examined cytologically with 
the result that all double mutants had the chromosome 
aberration and the ^ chromosomes had normal cytology. Two 
w^ fa^^^ + rb chromosomes resulting from an exchange to the 
left of fa^^^ were examined," they also had fa^^^ cytology. 
The crosses involving the other recessive visible 
alleles (Table 2) have generally supported the results of 
this initial cross with fa£. The fa^^^ mutant always lo­
calizes to the left of the corresponding recessive visible 
allele and at a map distance that in every case is equal 
to or greater than the distance between the recessive vis­
ible and ^^^Gll (Figure i). This might indicate that fa^^^ 
is to the left of but we will see that fa^^^ 
and are either inseparable or tightly linked at the 
left edge of the genetic map. For some reason fa^^^ re-
combines more freely with the recessive visibles than 
IKiZH' Perhaps variations in genetic backgrounds might 
be responsible for the higher recombination frequencies in 
the fa^^^ crosses. Sufficient attention has not been paid 
to standardizing genetic backgrounds, nor has there been 
enough replications of comparable experiments to say that 
this variation is truly significant; however, it is felt 
that the consistently high values of recombination in 
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crosses involving offers support for a particular 
interpretation of fa^^^* to be presented later in this dis­
cussion. 
Before we consider the phenotypes of the double mutants 
of fa^^^ with each recessive visible, it will be helpful to 
consider some aspects of dosage compensation in Drosophila. 
We have seen that the mutant eye phenotype of hemizygous 
fa^^^ males is more extreme than in homozygous females. 
Normally in Drosophila there is a mechanism that effects 
an equalization of the phenotypes controlled by X-linked 
genes because these genes exist in a single copy in males 
while being present twice in females. It is indicated by 
studies of the transcriptive activity of the X-chromosomes 
in both sexes that the single male X synthesizes as much 
TuîA as both of the female X's (see Lucchesi, 1973)-
enzyme activities or terminal phenotypic products of the 
X-linked genes are identical in amount in both sexes. A 
further observation is that although the paired salivary 
gland X-chromosomes of the female contain twice as much 
DNA as the single male X, the cytological diameter of the 
male X is the same as the paired female X*s. Therefore, it 
seems that the male X-chromosome undergoes a sort of gen­
eralized puffing that enhances the transcriptive activity 
of the male's X-linlced loci. Since the mutant lesion 
lacks dosage compensation, the compensatory mechanism at the 
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Notch locus has been altered by this mutation. The mild 
phenotype of fa^^^ females compared to the more extreme 
mutant expression in males is a reflection of this altera­
tion in compensation and offers some clues to the nature 
of the fa^^^ aberration. Some thoughts on this will be 
presented shortly. 
Returning to the genetic crosses, it was possible to 
recover all double mutant recombinants. Generally speaking, 
each particular double mutant expresses characteristics of 
both alleles, but the resultant phenotype is usually more 
extreme than would be expected from adding the two mutant 
effects together; the alleles in a cis arrangement interact 
to produce a sort of complementary enhancement. For in­
stance, the fa^^^fa^ coupled alleles show the unexpected 
wing vein thickening in addition to a mutant eye condition. 
Table 3 summarizes the phenotypes of each double mutant in 
homozygous and hemizygous conditions. The fa^^^fa com­
bination causes an eye phenotype that resembles the more 
extreme glossy eye of fa£. It will be recalled that fa^^^ 
alone is not dosage compensated. The same is true for fa, 
because fa/fa females have eyes that are less rough than 
fa males. The coupling of fa^^^ and fa together seems to 
overcome this mutual lack of dosage compensation, and 
homozygous females express the same glossy eye effect as 
males do. Surprisingly, the fa^^^fa males do not show the 
Table 3- Summary oi" double mutant phenotypesa 
swb faSWtfa fa^"''na^ fa 
fa^w^fa 55iH_ RG,H,V R^,H"^ EO,H",V' R*,H" 
SG-jH 
RG,H,V^,N" RG,H,V" RG,H,V~ RG,H,V RG,H,V' 
la 
RG,H,V 
r- -V-f- ,T+ 
faSW^fa^O M-iY-iN R",H,V" R",H",V,N" R,H,V+,N R" ,H,V" 
RG,H-,V+,N+ 
f&swbgpi Ç_A§i|_ R- E R'^,H'^,V" R",H' 
R,8,Hr 
fa^^^nd Ç_ië_iYiN_ R H,V,N~ R",H' 
R,H-,V,N-
,- TT+ 
fa^^^nd" #- n'.V" 
RG,H+,V,N 
swb R~,H 
r"H-,V-
*Diagonal entries have both homozygous (top) and hemizygous (bottom) phenotypes. 
Abbreviations are as follows: R=roagh eyes; RG=rough and glossy eyes; S=split or 
missing bristles, reduced eye size; H=extra and misaligned bristles on throax and 
legs; V=thickenea wing veins forming deltas at margin; N=nieked wings. A superscript 
+ indicates a strong expression; - indicates the expression is slight or is variable, 
overlapping wild type. The flies A/ere raised at 25°C. 
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same tendency to have small nicks in their wing tips as 
fa males do occasionally. 
The fa^^^fa^° male shows both a change in the intensity 
of the fa^^^ eye effect and an increase in the wing aber­
rations associated with fa^°. This double mutant has glossy 
eyes which like the rough eyes of fa^^^ males are not as 
strongly expressed in homozygous females; fa^^^fa^°/fa^^^fa^° 
females therefore have eyes that are rough but not glossy. 
The extreme wing vein thickening with large marginal deltas 
and the consistent expression of notches in the wing tips 
represents an enhancement of the fa^^ phenotype, and these 
wing effects are similar in both males and females. 
The fa^^^spl condition causes a split-like eye that is 
more rough and perhaps slightly reduced in size from that 
<^4 4 rw, t.tI^  4 rkin rwi ni" o T.r-i i- M cnl oJrvno TM O o'hItT r*T> TTTÎcQ T T I C  
bristle effects associated with spl are not significantly 
enhanced in this coupled condition. There is. however, a 
unique enhancement of the hair distribution on the thorax 
and legs of fa^^^sul flies. Many extra hairs develop, and 
their irregular arrangement gives such flies a "hairy" ap­
pearance. Table 3 shows that the fa^^'^^ mutation itself is 
associated with these abnormal hair distributions and con­
sequently most of the double mutants also express this con­
dition although to a lesser extent than fa^^^spl. This 
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"hairy" phenotype is often difficult to observe, but it is 
not affected by dosage, showing the same phenotype in males 
and females. 
2 The two recessive visibles nd and nd are located at 
the extreme right end of the genetic map. They have similar 
phenotypes expressing slightly rough eyes, thickened vâng 
veins, and apical notches. Shellenbarger and Mohler (1975) 
have demonstrated that both of these alleles are tempera­
ture-sensitive showing a more extreme phenotype at higher 
temperatures. Notchoid-2 is more aberrant than nd at all 
temperatures and is unique in that it is cold sensitive for 
incomplete wing veins or the Abruptex phenotype (see 
Lindsley and Grell, 1968). The hemizygous double mutant 
fa^^^nd has rough eyes, thickened wing veins, and apical 
and marginal notches. Homozygous females hcive a, less rough 
eye, thickened v/ing veins, and apical and marginal notched 
wings. An occasional fly shows the wing vein interruptions 
characteristic of Abruptex. The eyes of the fa^^^nd double 
mutant in both sexes are sometimes slightly reduced in size 
and reminiscent of a snl-like eye. 
The interaction of the two alleles fa^^^nd^ in coupling 
is more extreme than fa^^nd as might be expected since nd^ 
is a more extreme allele. Males of the genotype fa^^^nd^ 
have rough and glossy eyes, wings with thickened veins, and 
marginal and apical notches. The fa^^^nd^ male has a more 
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"hairy" appearance than fa^^^nd. Females of the genotype 
fa^^^nd^/fa^^^nd^ are "hairy," have rough, slightly glossy 
eyes, thickened wing veins, and marginal and apical 
wing notches. As is the case with fa^^^nd. both sexes 
sometimes show wing vein interruptions and may have a re­
duced eye size. Sometimes the marginal vein of both 
fa^^^nd^ males and females is so notched the wings are 
strap-like. 
From these results it is noted that when fa^^^ is 
coupled to either or fa£, there results a phenotype 
that is at least as extreme as the most aberrant allele. 
In addition, the coupled alleles seem to show dosage com­
pensation in that both the males and females have the same 
degree of eye facet aberrancy. This is contrary to the 
- ^ ^ _ r WT) 
case witn tiie la -wing muDam: arrangement, or tne la spx 
coupled condition. In these latter double mutants, there is 
again a lack of dosage compensation in the eye roughness, 
whereas the wing effects or spi effects are generally the 
same in both sexes. This occurs even though spi and the 
wing mutants interact with fa^^^ to produce a more aberrant 
eye condition in the male. 
Two interpretations come to mind to explain the nature 
of the faf^-recessive visible interactions relating to 
dosage compensation. It will be assumed here that the Notch 
locus codes for a protein product and that the recessive 
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visible alleles—other than fa^^^—are mutant sites within 
the structural gene. These assumptions are based on the 
observation that some of the recessive visible alleles at 
the Notch locus are temperature-sensitive (Shellenbarger 
and Mohler, 1975)• First, fa^"*^^ could code for a protein 
molecule vâth a reduced activity level in either sex. The 
additional lack of the compensatory enhancement of the 
Notch locus product in faf]^ hemizygotes would reduce the 
physical number of product molecules in the male sex. This 
combination of factors would result in the defective eye 
facet arrangement typical for the male. Homozygous fa^^^ 
females have two doses of the gene. This would result in 
more total gene product and a more nearly normal phenotype. 
Alternatively, fa^^^ might reduce or alter transcription of 
ohe uiesaage uuuiug xOr à normal type Notch protein. This 
transcriptive lesion could then prevent the dosage com­
pensatory enhancement of the single male Notch gene re­
sulting in the mutant phenotype typical for the male. The 
female having a more nearly normal amount of gene product 
•would subsequently express a more normal phenotype. 
The apparent return to dosage compensation in some of 
the double mutants can be explained as follows. The addi­
tion of another defect, especially a phenotypically related 
defect, to an already malformed protein molecule might 
totally eliminate all residual gene activity. Because there 
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can be no dosage compensation for genetic loci that do not 
make a functional product, the aberrant phenotype will be 
the same in both sexes; hence, phenotypic equivalence for 
a mutant effect in males and females results from either 
dosage compensation for an aberrant gene product, or the 
lack of a functional product (see Stern, I960, for a re­
view of this subject). The aberrant eye phenotype of the 
coupled mutants fa^^^fa is the same in both sexes and seems 
to imply that the mutant effect is dosage compensated, but 
each single mutant is noncompensated. Me suspect that by 
coupling the two mutants the residual function is greatly 
reduced or eliminated in those tissues from which a 
normally textured eye would develop. If so, the equality 
of phenotypic expression in the two sexes would not be due 
•j- - J-.!— —. -C* ^4" »v> ry -v, i 4" V> +• T.TO C* V) UU UiiC WJ. a. jr iun^V.>XXC4,J.XU.OAU wiiL*v ««C^w w 
originally present. It would result from diminishing the 
functional level of the already aberrant product by linking 
the two lesions. A reduced or altered transcriptive pattern 
compounded with an additional related defect in the protein 
molecule might also be expected to lack any normal function, 
even in the female. 
The fact that some of the double mutants still lack 
dosage compensation for eye roughness is no doubt related 
to their functional independence from the mutant eye effects 
of fa£^= The nondosage compensated double mutants are 
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those In which is coupled to the wing mutants and sol. 
It can be recalled that fa^/fa heterozygotes are noncomple-
mentary, whereas each of these two eye mutant alleles are 
visibly complementary to each of the other recessive visi­
bles. Also, fa^ is the only allele which when heterozygous 
VTith fa^^^ gives a rough eye phenotype. Shellenbarger and 
Mohler (1975) have shown that the temperature-sensitive 
periods of both fa and fa^ occur in the pupal stage whereas 
spi is defective in larval development. The wing mutants 
(fa^, nd, and nd^) are spatially nonoverlapping in that 
their mutant effect is expressed in a tissue distinct from 
the eye. From these considerations it might seem reason­
able to conclude that the genetic impairment associated with 
fa^^^ is more closely related to those of fa and fa^ in its 
Gffcct and time cf action than to the other recessivH 
visibles. 
Table 3 presents the phenotypes of all of the heter­
ozygous interactions involving the fa^^^-recessive visible 
double mutants» Both fa^^^^fa and fa^^^fa^ show a strong 
mutant eye facet phenotype when heterozygous with fa^^^ 
alone, so all the other double mutants could hardly show 
otherwise. These two double mutants show some variable 
tendency to give rise to thickened wing veins with deltas 
at the vri.ng margins when heterozygous with the double 
mutants of fa^"^ with fa^, nd, or nd^. Of particular note 
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is the combination fa^^^fa^/fa^^^fa^^ which shows a strong 
expression of thickened wing veins with deltas at the wing 
margin and occasional small wing nicks. It is also noted 
that fa^^^fa^/fa^° will show a similar wing effect, but 
without nicks. The new wing phenotype associated with 
fa^^^fa^ seems therefore to be functionally related to the 
fa^° lesion. The only other notable effect is the oc­
casional apical notching in females of the genotype 
fa^^^fa/fa^^^nd^. All other combinations which show notch­
ing involve those between wing mutants. 
The fa^^^fa^° combination has been described as having 
a strong mutant wing expression. Since fa^° behaves as an 
allele which is "halfway" between a normal allele and a 
dominant Notch allele (Welshons, 1965), it is not sur­
prising that the cnhanccmcnt of the idng phenotype induced 
by coupling fa^^^ to fa^° causes wing effects in all the 
heterozygotes. The other two wing doubled mutants, fa^^^nd 
and fa^^^nd^. generally express similar phenotypes when 
heterozygous with the other double mutants, but the latter 
combination is usually more mutant in its effect. The 
double mutant fa^^^spl. as might be expected, does not seem 
to interact to a significant extent with the others. As 
has been mentioned earlier, spi is somewhat independent of 
fa and fa^ in its time of developmental impairment. The 
spl allele therefore complements all of the Notch locus 
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recessive visible alleles, including faf^. Generally 
speaking then, the fa^^^spl coupled condition behaves 
similarly in heterozygotes with the other double mutants 
as does faf^. Of course, fa^^^spl has a strong expres­
sion of extra hairs and this effect is visibly noncomple-
mentary with the two other double mutants which show 
abnormal "hairiness"—fa^^^fa and fa^^^nd^. 
As was the case with the experiment involving fa^*^ 
and fa£, recombinant chromosomes were examined cytolog-
ically. For every genetic experiment, except the one with 
nd. one double mutant and one reciprocal or recombinant 
were examined; in the case of M, two of each were ex­
amined. In every case the double mutant chromosome bear­
ing fa^^^ had fa^^^ cytology and the chromosome with wild 
i.ypê Hllêlês au ml urn mho normal cy uôl ugy. Tu Is êfjuâTl y 
important that a w^ fa^° rb recombinant from the cross 
± ± nd^ +/+ fa^^^ fa^^ ± lb x fa^ fa^° also had normal 
cytology. The cytogenetic analysis demonstrates that those 
interallelic recombination events which genetically occur 
to the right of fa^"^ and to the left of other recessive 
visible allele are taking place in such a manner that fa^^^ 
remains Inseparable from its aberration. It is almost cer­
tain from the cytology of fa^^^ that there is a deletion 
of some part of the chromosome near to or including 
salivary band 3^7= It is clear from the genetics that 
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the cytological site of the recombination event is to the 
right of this deletion; therefore the recessive visible 
alleles are located to the right of this deletion. It 
would be nice if we could conclude where the recombina-
tional site is located with respect to salivary band 3C7. 
Unfortunately, the different interpretations available for 
the fa^^^ deletion, as well as some equivocal data from 
other Notch-related deficiencies to be discussed, does not 
allow us to locate such a site with certainty. 
The Genetics and Cytology of fa^^^ and 
some Notch Mutations 
We have described the genetic and cytological behavior 
of fa^^^ in relation to the recessive visible alleles found 
Ô. U  u Û6 J . M O U C I I  _ L O O U S« oluCS 15. Û8.S S0m8 ilnjuOLic CilârâCocr-
istics, it was of interest to see if fa^^^ would behave 
similarly with respect to some recessive lethal Notches. 
Females of the genotype ^ + n'^^ rb/+ fa^^^ + + ; 
Dp(l;2)w^^^^/+ were crossed to ^ fa^^^ males. Inter-
allelic recombination between fa^^" and N^" gives rise to 
± ± ± chromosomes which are effectively detected only 
in male progeny because w^ faf^/wf; fa^^^ females resulting 
from crossing over between and fa^^^ are not readily 
distinguishable from w^ +/w^ fa^^^ females. The reciprocal 
recombinant type + la^^^ rb is male lethal and would 
9^ 
not be detectably different from the heterozygote 
± ± rb/w^ fa^^* since coupling fa^^^ to would 
still produce a strong Notch phenotype over the paternal 
fa^^. Table 1+ shows that 21 wf; males were recovered from 
a total of I'+j'+OO tested male chromosomes for a recombina­
tion value of 0.29#. This value is over twice that of the 
entire map length of the Notch locus which measures 0.13 
map units. Two of the w^ progeny were examined cytolog-
ically and found to have the normal banding pattern. 
The relatively mild Notch allele ^a.s found to 
be ideally suited to attempt an isolation of a 
fa^^^ chromosome. Heterozygotes of the genotype 
rbA fa^^^ + + could be utilized as parental 
females without the complications involved from using the 
autcscmai duplic at ion Dp(1•2)(rhh materials and 
Methods). These females have an eye phenotype that is 
rough but not glossy as in fa£/faf^ flies. Since females 
of the genotype fa^^^ fa^/fa^^^ have a rough and glossy 
eye, it was anticipated that the fa^^^ ^60gll recombinant 
would show an eye effect similar to fa^^" fa^/fa^"^ and 
could therefore be distinguished from the parental type 
^^60gll/faSWb^ From the cross (Table 4B) 3^+ fa^^^ rb/ 
eÎ females were recovered with eyes that were both 
rough and glossy. Two of the double mutant chromosomes were 
examined cytologically and found to have cytology. 
Table Genetic experiments \<n.th Notch mutations 
"a Co ~ ^ 
A ~—-- ^ ^ 21 (m) l^AOO 
.29 
"^swb~— ^2 (m) 30,200 
X fa" 
^ ' 34- N^Ogll rb (f) .28 
^^8wb-m 
C + 1CI)D^3L1 . . 2E __ 64,900 0 
+ rb KDTg-l^e. 
X fa^ fa^ ° rb 
D j^62bl + 1(1)D4%]^ .Çq 3 y rb 1 (f) 52,500 
+ fa^^° + -f rbl(l)Tg-l4-a 
011 
X fa^ rb 
^The source oï' recombinant chromosomes is listed parenthetically, m = males, 
f = females. 
^Dp - Dp(l;2)v^^^^. 
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During the initial screening of the progeny from this cross, 
several rb/w^ fa^^^ were mistakenly identified as 
being fa^^^ ^60gll fa^^^ since it was not clear whether 
the hypothesized selection scheme would work; cytological 
examination revealed the presence of salivary band 3C7. 
Further phenotypic tests of the mutations present on this 
cytologically normal chromosome clearly illustrated that a 
mistake had been made, and fa^^^ was not present. This re­
sult is mentioned to emphasize again the point that fa"^^ 
seems to be inseparable from its cytology. 
In addition to the double mutants recovered, k2 
wf + + + male progeny were isolated. Two of these were 
examined and had wild type cytology. Because of the early 
phenotypic mistakes made concerning the fa^^^ j^60gll 
females, the recombination frequency is based only 
on the ^ progeny, and with 30,200 male tested chromosomes 
gives a value of 0.28#. This large exchange rate indicates 
that the other high recombination value obtained with 
was probably not a statistical accident. Furthermore, the 
consistent observance of elevated recombination values in 
crosses of fa^^^ with both N alleles and recessive visibles 
would suggest that the high values of crossing over are a 
characteristic property of the fa^^^ lesion and not a con­
sequence of artifacts generated by differences in experi­
mental techniques between the two types of crosses. 
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The cross between and also produced some 
unexpected events. As is illustrated in Table ^13, cross­
overs to the left of fa^^^ result in ^  fa^^^ males, and 
crossovers between fa^^^ and yield wf^ males. Both 
of these phenotypes were observed among male progeny, but 
in addition there appeared a number of males whose eyes 
were w^ color and had a fa-like roughness that is more 
mild than that seen in wf; fa^^^ males. For convenience 
the fa-like flies recovered from this cross will be re­
ferred to as modified facet-strawberry and symbolized 
faSwb-m. the fa^^^"^ males were examined cytolog-
ically and each one had fa^^^ cytology. It therefore seems 
likely that the fa^^^""^ flies arose by recombination between 
wf; and fa^^^ but some stable modification in the expression 
of fa^^^ has been effected so that it is now more mild, at 
least in males. Heterozygous females of fa^^^"^ with 
^26^-^0^ faf^, fa^^^fa^. or fa^ all have phenotypes which 
mimic the corresponding heterozygotes with fa^^^. A plausi­
ble explanation for the source of the fa^^^"^ males would be 
that a partial suppressor of fa^*^ has become incorporated 
into their genome. The existence of an autosomal recessive 
suppressor is not likely since it would have had to have 
been present in both parental genomes and therefore should 
have been previously expressed in the fa^^^ stock, 
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especially after about a year of inbreeding. Changes in 
the autosomal chromosome constitution of fa^^^""^ males 
through several generations of outcrossing indicated there 
was no dominant autosomal suppressor present either. If a 
sex-linked suppressor is causing the modification of the 
fa^^^ expression, it was not introduced through the fa^^^ 
chromosome of the female parent, since this too would have 
been previously noted in the fa^^^ stock. The suppressor 
could have been present on the ^60gll ^ chromosome in 
which case it might now be closely linked to fa^^^ on the 
f^swb-m cbroMogoMQ, To test this, a cross was performed 
between ^  fa^^^"^ ± ± /± ± s pi rb females and 
w^ fa^ spl sn^ males. From 32,400 tested chromosmoes, a 
total of 18 + + + + recombinant chromosomes were recovered 
from booh males and females. Ten double mutant males were 
recovered which are phenotypically identical to fa^^^ spl 
double mutants. This gives a fa^^^""^ to spl recombination 
frequency of 0.12^ which is less than the 0.190 observed 
for the fa^^^ to spl value. Six fg^swb-m rb re­
combinants examined had faf^ cytology and three ^ re­
combinants had normal cytology. Equally important is the 
fact that crossovers occurring between w^ and fa^^^^ gave 
rise to only + + + males which are themselves fa-
like, two of which were examined cytologically and had fa^^'^^ 
cytology. Considering the relatively frequent recovery of 
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the males from the cross represented in Table 
(at least 10 in 30,200), the failure to recover a fa^^^ 
fly argues against a suppressor site located between and 
fa^^^ on the wf; fa^^^"^ chromosome. In addition, all of 
the males receiving the parental w^ fa^^^ chromosome were 
phenotypically fa-like which is not consistent with a 
proximally located suppressor considering the ease with 
which such a suppressor should cross off. Consequently, 
a suppressive effect on the fa^*^ phenotype by an inde­
pendent mutant site does not appear likely as the cause of 
fa^^^"^. It seems that the very nature of the fa^^^ lesion 
has been modified and the change to a mild fa-like pheno­
type is also associated with a recombination event between 
w^ and the Notch locus. More will be said about this 
1 o 1- 0 -n 
The results of the preceding experiments have local­
ized fa^^^ to a site very near at the left end of 
the genetic map (Figure 1), Table 4-C shows the results of 
an experiment designed to separate these two mutations by 
recombination. No recombinants were obtained from a total 
of 6^,500 tested chromosomes suggesting that fa^^^ is 
either inseparable from or tightly linked to N^£f^. This 
particular result is interesting because faf^ and 
both map to the same site, but there is obviously an under­
lying difference between the two since one is recessive 
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visible and the other is recessive lethal. In one culture 
bottle of the cross between fa^^^ and there were six 
alterations noted where the w^ gene in Dt)(1;2)w^^^'^ mutated 
to w2. Welshons (1974) has observed similar changes in 
other experiments and it seems this instability is related 
O 
to a remnant of the mutability factor from w_ (Green, 1967) 
which has generated some of the deficiency Notches used in 
this laboratory. The factor has become associated with 
Dp(l;2)w^^^'^ in some of our stocks, and unfortunately the 
duplication utilized to cover the inviability of 
fa^^^ females was derived from one of these stocks. How­
ever, it is unlikely that this factor has affected the ex­
perimental results to any significant extent (Welshons and 
Keppy, 1975). 
t:, - r^.OWU • ^ -7 ^ T\TV y JDyUclUbC 1 cl -LO v;j-uoc;x^ ^xinvcu. uw ii ciiAu. x 
bines rather freely with fa. it was decided to test fa^^^ 
for recombination v^ith Df(1)N^^^^ which retains a small 
piece of the Notch gene extending from i^^^'ell yet 
is deficient for salivary bands 3C8-3D5 and about QQffo of 
the right portion of the gene (Welshons, 19740. Table l+D 
illustrates the genotypes of the parental flies used in this 
experiment, the mechanics of which have been described (see 
Materials and Methods). Three ^ l(l)T„-l4a/ 
w®' fa^ fa^^ rb females were recovered out of a total of 
5*2,000 tested chromosomes for a recombination value of 
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0.011^. This value compares with the 0.023^ recombination 
that is observed between ^^^^ell (Welshons, 19?^). 
Two recombinants were examined cytologically and both had 
the normal banding pattern. In addition, one alteration in 
which the autosomal duplication, Dp(l;2)w^^^^ mutated to w2 
was noted in this cross. Because the duplication was de-
?5ell 
rived from the same source as that one used in the 
experiment, the cause of this change seems to be related to 
the mutability factor in ^  (see Welshons and Keppy, 197?). 
The deletion associated with does not geneti­
cally extend all the way through the Notch locus; there is 
a sufficient segment of the Notch gene DNA left in 
to allow it to recombine with both ^^^ell (yglshons, 1974) 
and faf^. These are the only two alleles of the Notch 
locus that vill r-HfUjmblne with as attempts to re­
cover recombinants with other Notch alleles have yielded 
zero out of more than 650,000 tested chromosomes (Welshons, 
1974). Thus, it seems that is genetically deleted 
(as defined by recombination) for 80% of the right part of 
the locus, while fa^^° would at most represent a deletion 
for a small part of the locus near the left edge and perhaps 
includes but not much more. A problem still exists, 
however, concerning the cytological interpretations of these 
and other deletions. We deem it best to consider this topic 
only after the presentation of some additional genetic data. 
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The Genetics and Cytology of 
faSWt' and PfCl^w^^^^O 
The available evidence points to a close linkage be­
tween fa^^^ and Df has been described 
previously as a cytological deletion of salivary bands 
3C2-3C6 and consequently is tjT, rst", and vt". in addition 
to being male lethal (Lefevre and Green, 1972). There is 
no impingement of this left side deletion upon the Notch 
locus and recombination between Df(l)w^^^^^ and 
is observed, although at the very low frequency of 0.00^^ 
(Welshons, 19?'+). Representing Df(l)w^^^30 ^s wl, we 
wanted to test vT against fa^^^ and attempt to isolate the 
double mutant w2 fa^^^ because of its cytological signifi­
cance. Figure 2 shows photographs of salivary chromosomes 
U j. UliC X Vii UW Uii X Ct w o ly u. n x C- v 
bands 301, 3C7, and 3^9,10, whereas fa^^^ may or may not be 
a partial or complete deletion of 3^7. The cis arrangement 
w" fa^^^ would therefore have a pertinent cytology that 
would be useful in determining the nature of the fa^^^ 
cytology. Table 5 describes the crosses that were per­
formed to attempt the double mutant isolation. Summing up 
the results of the four experiments that involved w^ and 
faf^j there were some 610,000 chromosomes tested which 
gave a grand total of three recombinants between and 
raf^e Unfortunately, all three of these represented the 
Table 5- Genetic eajierlments with Df 
Cross 
A 
b 
w + 
f faswt faf 
X w* faSWb faf 
Recombinant and 
exceptional 
chromosomes®' 
18 faswb (m) 
9 w~ fa^ (f) 
5 w(id) (m) 
1 (m) 
1 w fa^wb faS (m) 
Tested % 
chromo- Recombi-
somes nation 
191,800 faSwb.faS 
.028 
B w + 
+ fa svrb 
.Xaf 
4-
X fa^ faS (m &f) 
21 w" (f) (1 W-26D) 
2 fa^ (f) 
1 y faswt (m) 
swb-h 1 fa' (f) 
109,700 w"-fa swb 
.002 
faS"t_faS 
.08 
The source of recombinant chi-omosomes is listed parenthetically, m = males; 
f = females. 
bw- = Df(l)w67k3°. 
Table 5 (Continued) 
Cross 
D - X w® 
fa®"'' BfOsll rb 
Recombinant and Tested % 
exceptional chromo- Recombi-
chromo somes®- somes nation 
91  w rb  ( f )  (1  259 ,200  
1 w fa^wt rb (f) .11 
25  (m &f)  49 ,700  w"-fa^^^ 
14 w" N^Ogll rb (f) .003 
1  +  +  +  +  ( f )  f a s w b _ % 6 0 g l l  
6  w( id-2)  (m)  . 10  
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wild type reciprocal event and we seemingly failed to 
detect any vT fa^^'^^ double mutants. Nevertheless, we 
shall see that not all was lost because of the occurrence 
of a bit of luck during the selection of a sample of re­
combinants to view cytologically. 
The first cross to be completed involved mating 
w~ + +A fa^^^ fa^ females to wf; fa^^^ fa^ males. Crossing 
over between w2 and fa^^^ results in + + + and ^ fa^^^ fa^ 
chromosomes, and between fa^*^ and fa^ gives rise to 
w~ + fa^ and + fa^^^ + recombinants. Since + fa^^^ fa£/ 
w^ fa^^^ fa^ has a phenotype very similar to + fa^^^ +/ 
w^ fa^^^ f§£) the fa^^^ recombinant is effectively de­
tected only in male progeny. The + + + chromosome is 
detectable in both sexes, whereas the recessive lethality 
,^-f t.r •( "i rnt.ro -f- vi/r* r>"f" oi "t~"hot» 7,7 -pn •pci s 
w" + fa^ only in females. The cross yielded 18 fa^^^ males 
and 9 hI ± fa^ chromosomes out of 191,800 tested chromo­
somes for a recombination value of 0.028^ between fa^^^ 
and fa£. This value is low compared to the values pre­
viously recorded for this map length, and probably results 
from pairing problems due to the deletion of the heavy bands 
3C2 through 306 in Three + fa^^'^^ + recombinants ex­
amined had fa''^^^ cytology and all nine of the w^ + fa£ 
chromosomes were Df(1)302-306 as expected» No recombinants 
were obtained resulting from crossing over between ^ 
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and faf^, but some exceptional flies were recovered from 
the progeny of this cross. One w fa^^^ fa^ male was iso­
lated that had typical fa^^^ cytology and therefore most 
simply represents a spontaneous mutation at the white 
locus. Another male was recovered that had rough, glossy 
eyes and thickened wing veins forming deltas at the wing 
margins as does the parental type fa^^^ fa£. However, this 
male also had notches in the wing tips and a peculiar ef­
fect involving the ocellar bristles; a reduction in the 
space between the three ocelli causes the ocellar bristles 
to be forced together, whereas they normally have a "V" 
shaped arrangement. This odd fly had fa^^^ cytology and 
will be referred to as fa^^^"° for purposes of this dis­
cussion. 
Five wnice-eyed males wurw also found among the 
progeny of this cross, and cytological examination demon­
strated they were intrachromosomally duplicated^ most 
likely resulting from nonhomologous pairing and exchange. 
Figure 2 shows the cytological situation which was ex­
pressed by each of these five males (symbolized w(id) = w 
intrachromosomal duplication). The new chromosomal se­
quence appears to represent the distal portion of the ^ 
X-chromosome through 301,2 followed by that portion of the 
fa^^° fa^ chromosome proximal to and including 3C^,6. Fig­
ure 3 shows a schematic representation of the vj(id) 
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Df(l)wG7k30 
I I  
I I  
1-2" 3-4 5-6 7 9-10 
swb fa^ (or 
3-^ 6 8-9 1-2 1 2-3 5-6 9-10 1-2 3-^ 5-6 1-2 
3A 3B 3C 3D 3E 
1-2 3-4 5-6 7 9-10 1-2 5-6 9-10 
Figure 3. 
w-iîioraehromosomal 
duplication 
Schematic representation of the w(id) chromosome 
showing its apparent source through nonhomolo­
gous exchange. The double-headed arrow indi-xyig^ 
Gates the site of exchange between the Df(l)w 
chromosome (top) and the fa^wb chromosome (mid-
die). The intrachromosomally duplicated w(id) 
chromosome is shown at the bottom. See text for 
discussion. 
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chromosome and indicates their apparent source through 
nonhomologous pairing and exchange. The result of this 
exchange yields a chromosome with a deficiency for the 
302,3 doublet. Lefevre and Green (1972) have shovm that 
the loss of the 3C2,3 doublet produces white eyes and a 
delay in eclosion. Besides having white eyes, the w(id) 
flies also show a delay in emergence when mated to at-
tached-X females. The w(id) flies have a duplication for 
the Notch locus and are because the fa^^^fa^ condition 
in one Notch gene is covered by the normal Notch allele in 
the other. The w(id) X-chromosome is also duplicated for 
at least the salivary bands 309,10 and 301,2, but there 
is no known function for these regions (see Lindsley and 
Grell, 1968). 
The occurrence of norhomologous palr;ng and exchange 
has previously been recorded for regions of the X-chromo­
some involving the white locus in 302,3 (Green, 1959b5 
Judd, I96I; and Green, 1963). The points of pairing and 
exchange appear to be different for different genotypes, 
but the pairing and exchange always occur in the same way 
in any given genotype. These studies also indicate that 
abnormal pairing and exchange might be involved with the 
existence of partially homologous regions within the 
chromosomes that under special genetic constitutions can 
interact with each other- to allow asjimnetricai exchanges. 
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Further details of the nature of this aberrant crossing 
over mechanism can not be determined at this time. 
Whether or not our explanation of the generation of 
these intrachromosomal duplications is correct, they do 
seem to arise through a specific mechanism since all five 
have identical cytology. Furthermore, the structurally 
similar cross of ^ + +/+ fa^^^ ^60gll ^ ^  wf £af^, 
which is recorded in Table 50, yielded six more white-
eyed males (denoted w(id-2)), and of these, four were 
examined cytologically and had the same banding pattern 
as described in Figure 3» The reciprocal product from 
this nonhomologous exchange event would be deleted in 
particular for the Notch locus, and therefore would be 
male lethal and either indistinguishable or very inviable 
in fesales; it vculd probably not be recover-?, ni h i n these 
crosses. 
To summarize after this short aside, the cross 
w" + +/+ fa^^^ fa£ X fa^^^ fa^ failed to yield any re­
combinants between w2 and fa^^^ out of 191,800 tested 
chromosomes. Undaunted by this indication of a low re­
covery rate for the desired w2 fa^^'^^ double mutant, it was 
decided to use the ^ fa^ chromosome recovered in the pre­
ceding cross to try again. Females of the genotype 
w" + fa£A fa^^'^^ + were mated to la^ males (Table . 
Two + + fa^ chromosomes were isolated from female progeny 
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and represent exchanges between vT and faf^. Both of 
the fa^ chromosomes had normal cytology. Unfortunately 
the reciprocal w2 fa^^^ product again seemed to slip through 
our hands. This cross was not entirely doomed, as the good 
luck referred to earlier was about to happen. 
In addition to the two fa^ recombinants we also re­
covered >+5 ± fa^^^ fa^ chromosomes from males and females 
and 21 wl + + recombinants from females. There were 
109,700 tested chromosomes for a recombination frequency 
fa^^^ to fa^ of 0.08%; the to fa^^^ distance was an 
expectedly small 0.002%. There was one y fa^^^ male re­
covered with faf^-cytology representing a spontaneous 
mutation to ][_ on the fa^^^ chromosome. Like the preceding 
cross there appeared another odd fly with fa^^^ cytology. 
A recombinant female with fa° eyes produceo. msjH oPfspr-ine 
with rough, glossy eyes that had a spl-like shape. Even 
more striking is the extremely dense distribution of extra 
hairs on the thorax and legSj and in addition, the tarsus 
divisions of the legs appear extremely segmented. For the 
purpose of this discussion this exceptional fly will be 
symbolized for facet-strawberry-hairy. 
It is not clear how the fa^^^'^ and mutants 
with cytology have come about. Hypothetically, they 
could have been caused by a change in fa^*^ due to some 
iïiherent instability in fa""'^ itself, or the change may 
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have resulted from an abnormal, rare, recombination event 
as seems to be the case with fa^^"^~^» Conceivably, they 
could have resulted from the spontaneous occurrence of a 
second site mutation within the locus such that the odd 
phenotype is really a double mutant expression. Some pre­
liminary evidence suggests this latter hypothesis is not 
the case, but no firm conclusion can be made at this time. 
As became the custom in our experiments with fa^^^. 
we routinely examined some of the recombinant chromosomes 
cytologically .and those from the cross vT + fa£/+ fa^^^ + 
X ^  fa^ were no exception. Two + fa^^^ fa^ chromosomes 
were examined and seen to have fa^^^ cytology. Three 
w2 + 4- chromosomes were saved for cytological examination, 
and two of these clearly showed the deficiency of bands 
^  ^ ^  ^  1 ^  ^  ^  ^  ' « s  w .  - L .  ^  — 4  - X *  . Î  — »  A  . O  »  «  I  1 1 ^  - v m  V  V  * v ^  jvfc oiix'uu^xj. jvu uiicix au u cx u vx , xixc uxij-xm. yy x -
combinant ^ referred to here as , has only one band 
where 3G1 and 3C? are normally seen in the typical w^. 
cytology. The cytology of is pictured in Figure 2 
and can be compared with that of Females of the geno-
gxr\ 
type w"/w" consistently show a pairing between band 
3C9,10 of the two homologues, but the pairing between the 
remaining single w"^^^ band and 301 and 3C7 in the w" 
homologue is most often distorted; however, some of the 
preparations viewed indicated that the single band of w"^^^ 
shows homology with both 3C1 and 3C7 in vT. No firm 
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conclusion can be drawn from this result, but there are 
reasons to believe that may in fact represent the 
w~ fa^^^ double mutant with the expression of fa^^^ sup­
pressed. We have seen previously that the fa^^^ phenotype 
has been modified to the fa^^^~'^ phenotype by exchanges 
occurring between the white locus and fa^^^. Perhaps a 
similar modification has taken place within but 
in this case fa^^^ has reverted to normal because 
hetero zygote s are phenotypically the same 
as N/+. As a consequence, the phenotypic criterion used 
to select for the fa^^^ recombinant may not be adequate 
and the only reliable procedure to use for screening would 
be the cytology. If this hypothesis were true, we felt 
it might happen again. 
'['Vio /-» "TJ o r« TTO T'«-%'KlrN KO r* n-rv 4- 4 r« r-v 1 4- o 
•i-J-AV./ J. ^ W ## V* W ^ ^ V4. V 
those recombinants which occurred between w^. and in 
females of the genotype w^ + +/+ + rb mated 
to ^ fa^ fa^° rb males. Among the 259,200 tested chromo­
somes we recovered 91 wl rb/w^ fa^ fa^° rb females for a 
w~ to recombination value of 0.11%. As we suspected 
that crossing over in this region might result in another 
chromosome like w~ we examined all 91 of the w_ rb 
chromosomes cytologically. One of these again showed the 
single band whereas the other 90 always had 3C1 and 3C7. 
We will assume that the w"^^^ cytology represents the 
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cytology of the fa^^^ double mutant. Whether or not 
this is true is subject to further verification by revers­
ing the experimental procedure. This assumption predicts 
that recombination between a w" chromosome and a chromo­
some with normal cytology would generate fa^^^ progeny 
with fa^^^ cytology as well as the reciprocal w^. recom­
binant with separable bands 3C1, 3C7 and 3C9,10. 
The cross in Table 5D was performed mainly to prove 
that the putative fa^^° jj6Qgll ^ double mutant was really 
due to a coupling of fa^^^ to , The cross demon­
strated by the reisolation of each mutant allele that this 
was the case. The recombination value of fa^^^ to 
was 0.10^ based on a tested sample of ^+9,700. This is 
considerably less than the 0.28 map units indicated by the 
r *T»nco  o f '  T ' oh l c i  U .P  T .TVT I  i -V^o  o l  1  o1  0 .0  T r s_  
gather5 but this final cross involved the left side de­
ficiency w2 which is expected to reduce recombination in 
the adjacent regions. Four of the fa^^^ recombinants were 
examined and had fa^^^ cytology; two ^60gll ^ chromo­
somes showed the expected tjT cytology. More importantly, 
we recovered the wild type recombination product between 
w" and fa^^^^ from one female. This chromosome had normal 
cytology and illustrated again that crossing over does take 
place between vT and faf^, but at an extremely low rate 
iO.OO'ifo). The cross also generated six of the intra-
11^  
chromosomal duplications discussed earlier and pictured in 
Figures 2 and 3. These latter intrachromosomal duplica­
tions (denoted w(id-2)) would have one normal Notch gene 
and the other would contain the mutants fa^^^ and . 
The w(id-2) chromosome also carries the ruby (rh) marker. 
Characteristics of fa^^^ 
We will begin our discussion of the nature of the 
fa^^^ mutation with a summary of the known observations 
relating to this mutant that have come from this study. 
The cytology of fa^^^ shows there is no band where 3^7 
ought to be. Nevertheless, the immediately preceding 
doublet band 3^5,6 appears abnormal in that it is too 
thick and has a protuberant edge. All of the genetic 
fcjxperiuiexios localize fa^"^ toward the cztrczs left end 
of the genetic map in the vicinity of The re­
combination values observed with fa^^^ in the absence of 
confounding adjacent deletions are consistently equal to 
or greater than expectation based upon its localization 
near and the established genetic map. Facet-
strawberry interacts with all of the recessive visible 
alleles when in a cis relationship and seems most closely 
related functionally to fa and fa°, The lack of dosage 
compensation expressed by fa^^'^^ suggests a defect in the 
transcriptive process of this mutation, since dosage 
115 
compensation is thought to work at the level of transcrip­
tion. Cytological examination of those recombination 
products resulting from exchanges between a fa^^^ chromo­
some and a recessive visible normal chromosome always 
shows that the fa^^^ phenotype has fa^^^ cytology and the 
reciprocal product has normal cytology. This same result 
is observed when fa^^^ is tested against N alleles. In cer­
tain cases it was observed that crossing over between the 
w locus and fa^^^, 1.5 units apart, can sometimes result 
in a stable alteration of fa^^^ and there is a very real 
possibility that such cases occur regularly in all crosses 
involving faf^. Most of the crosses involve mutants ex­
pressing varying degrees of eye roughness, and it would 
not be difficult to miss an occasional type fly. 
Two other flics vâth fa""''" cj'tolcgy but vfith atypical 
phenotypes have been recovered: fa^^^"° and fa^^^"^. 
Facet-strawberry recombines with the right side de­
ficiency which lacks 80^ of the right portion of the 
gene, but fails to recombine with Crossing over 
occurs between Df(l)w^^^^^ and faf]^, but at an extremely 
low frequency. The three recombinants in this latter re­
gion that were isolated represented the reciprocal product 
of the desired fa^^^ double mutant and all had normal 
cytology. Two putative w2 fa^^'* recombinants were detected 
cytologically and had the phenotype expected for w^ but 
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not that of fa^^^. 
This list is not complete, but any hypothesis defin­
ing the nature of fa^^^ must be compatible with at least 
these characteristics, which are the most important. Three 
interpretations will be considered here. The reader could 
no doubt generate additional explanations or further mod­
ifications of the ones presented that would be equally 
feasible. A note of caution must therefore be inter­
jected at this point. The cytological and genetic data 
presented in this study can be used to either support or 
discredit certain hypotheses. Those presented here have 
tried to minimize unsubstantiated assumptions, but the 
lack of a complete understanding of the structure and 
function of chromomere organization (see Introduction) 
nf riHne.qsii-.y T-eqij|r-6s tnG iriterpretations to be somewhat 
conjectural. Despite this speculative nature, some in­
terpretative discussion is needed if for no other reason 
than to generate some testable predictions. 
The Mutant f a s  a  D e l e t i o n  o f  
a Single Band—3C7 
The cytology of fa^^^ would immediately suggest that it is 
a single band deficiency for 3C7; the thick and protuberant 
appearance of 3^5,6 could then result in some unknoim way 
from the break adjacent to 3C6, The deficiency of 3^7 
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could be the cause of the fa^^^ mutant phenotype and con­
sequently the cytology would be inseparable from the eye 
roughness. If 3C7 is deleted, then the fact that the fa^^^ 
lesion is localized to the left of all the other Notch 
alleles implies the Notch locus would be in the interband 
region to the right of 3C7 on a normal chromosome. 
Welshons (1974) has interpreted the genetics and cytology 
of Df(1)N^^^^ to mean that this deletion lacks salivary 
bands 3C8-3D5 and extends genetically from within the 
Notch gene through at least the locus of diminutive (dm) 
some 1.5 map units to the right of Notch. Since 80% of 
the right portion of the Notch gene is missing in 
the recombination occurring between fa^^^ and N^^^^ would 
take place in a common segment of the Notch gene retained 
bj'' both deficiencies vrhich would l i H jnsi, i.o i.ne r-lg'nt of 
3C7 (Figure 4B). The cytology of the N^ recombinants 
would then be normal as we observed. The recessive visible 
alleles as well as ^^d N*^^ would be within the 
interband segment to the right of 3C7 and recombination 
between them and fa^^° would yield the observed cytology 
(Figure ^-A). Since fa^^^ did not recombine with ^^^ell 
it might seem that fa^^^ is deficient for this site, but 
then fa^^^ should be a recessive lethal N. It could be 
that the hypothesized deletion in fa^^^ merely inhibits 
recombination v/ith the closely linked or ^^^ell 
Figure Schematic representation of the chromosomes 
involved in the genetic experiments based 
on the assumption that fa^wo is a deletion 
of salivary band 3C7. The top chromosome in 
A represents the normal banding pattern of 
the 3C region of the X-chromosome ; ( ) 
represents interband material between 3C1 and 
3C2, ( ) represents that between 3C6 
and 3C7, and ( ) represents that be­
tween 3C7 and 3^9,10. The gaps represent 
deleted regions. The double-headed arrows 
illustrate the hypothesized sites of ex­
change between the two chromosomes. 
A. Cross between fa^vb and a recessive 
visible nr- riDnuel.etlùu N allele. 
B. Cross between F A ^vb and D F (l) N 6 2 B L .  
C. Cross between faswb and Dfll)wb/KjO. 
See text for discussion. 
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is itself a subvisible deletion. 
The single band deletion interpretation of fa^^'^^ is 
also consistent with most of the genetic and cytological 
results obtained with DfSince w2 is deficient 
for bands 3C2-3C6 and fa^^^ for 3C7 only, both could con­
ceivably retain some 306 through 3C7 interband material 
in common (Figure 4-C) ; exchanges in this region would give 
normal cytology for the ^ recombinants and w"^^^ cytology 
with a single band, 301, for the reciprocal product. Why 
the w~ recombinants are not mutant at the Notch locus 
is then not clear. 
In order to relate the 307 deletion interpretation 
of fa^^^ to other data on the Notch locus we need to re­
view the latter at this time (see Welshons, 197*+). The 
4" v.v/s T\T<^4- ^ 1 H n r* ^ *** **" / <9 T\T^ ^ VT4 ^•îT^n-rr V WW 11V V Vi.* MWVXX -
ficient for salivary bands 302-306 as is Df(l)w^^^^^; but 
since is not Notch, the two left side Notch de­
ficiencies would seem to include a chromosome segment up 
to and perhaps including part of 307. The deletion in 
jj66i2p extends genetically through the site of 
near the locus of sol, and N^^flS j_g deleted only through 
N^^ell (Welshons, 197^). We have seen that the interpre­
tation of indicates that a portion of the Notch locus 
lies in the interband segment 307-308. This poses a dilemma 
as to how and ^66125 deleted for the left 
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portion of the gene and still retain 3C7. These left side 
deficiencies are cytologically nonoverlapping with the 
deletion in Genetically the deletion of is 
also nonoverlapping with but the deficiency of 
jjj66i25 overlaps that of As would be predicted from 
the genetics, but not the cytology, recombination does 
occur between ^^^fl? j^62bl ^ not between and 
(Welshons and Keppy, 1975). 
The results just presented suggest that the Notch 
locus exists bilaterally with salivary band 3C7; there 
could be two genes, one on either side of 3C7, that some­
how resolve themselves as a single cistron. This would 
require a sort of master-slave relationship with one 
master gene and one slave gene that seemingly can take 
turns playing cach rcls. Altsrnatively, it coiild be thph 
the band has some degree of independence from the gene 
that allows the band to be associated with the different 
ends of the gene. Such a hypothesis of a "floating" band 
is not consistent with the unineme hypothesis of chromatid 
structure. It has been suggested (Welshons and Keppy, 
1975) that a binemic chromatid organization based on the 
electron microscope observations of Sorsa (1973) would 
generate a hypothesis to explain the inconsistencies in­
volved at the Notch locus. By treating either mitotic or 
polytene chromosomes with sodium hydroxide•= urea two types 
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of fibrillar material are seen in the electron microscope; 
linear axial fibrils that are parallel to the chromomere-
bearing fibers. Thus the recombinational Notch gene could 
reside on the axial fiber opposite to the chromomeric 
fibril that represents 3C7 in polytene chromosomes. With 
this construction, a single Notch gene could be deleted 
from the left or from the right , and even 
though the deficiencies genetically overlap, they can both 
retain 307 which has remained unchanged on the chromomeric 
fibril. Also, fa^^^ could be deficient for the band ma­
terial on the chromomeric fibril and yet retain a more or 
less normal functioning and recombining gene. Facet-
strawberry's phenotype could be due to an independent 
lesion in the Notch gene, or a result of the band dele­
tion, implying a related function of the band. 
One generally does not want to make things more com­
plicated than they already are. However, hypotheses in­
volving a binemic chromosome structure do just that. It 
is known that the chromatid replicates, mutates, segre­
gates, and recombines as if it were a single DNA double-
helix (see Thomas, 1971). This also agrees with the 
measurements of viscoelastic retardation times of 
Drosophila DNA by Kavenoff and Zimm (1973) which indicate 
that the largest DM molecules are equal in mass to the DNA 
content of the largest chromosomes and the yield of such 
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molecules is approximately one per chromatid. Renatura-
tion kinetics of Drosophila DNA show that the chromatids 
are apparently unineme (Laird, 1971). These results con­
cern the organization of mitotic chromosomes, but it is 
generally felt that the polytene chromosomes are merely 
a multiplied reflection of this case (Dickson, Boyd, and 
Laird, 1971), at least for the euchromatic portions 
(Rudkin, 1969). Thus, although the binemic interpretation 
seems to resolve some of the conflicting data at the Notch 
locus, it must be regarded as speculation. 
If fa^^^ is a single band deletion of 3C7, then it is 
not clear why crosses involving fa^^^ with other Notch 
alleles should yield such high recombination values. 
Lefevre (1971) has correlated the frequency of crossing 
UVyi* W-L oil COiiOdil» clilCi ii&a vOSd'vcu. uiiâo x xio, v -Lxx^ 
large DNA bands experience more crossing over than regions 
of similar number, but smaller bands= This would seem to 
be consistent vri.th the fact that large bands have a longer 
length of DNA within them that can subsequently give rise 
to more exchanges than the DNA of smaller bands. However, 
the analysis of Df(1)N^^^^ and the left side deficiency 
Notches, ^68fl9^ indicates that bands facilitate, 
but are not directly involved in crossing over (Welshons. 
197^; VJelshons and Keppy, 197^). A further, more recent 
result uncovered at the vermilion (v) locus located in 
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salivary band 10A1,2 of the X-chromosome also suggests a 
lack of recombination within bands (Lefevre, 1974). Re­
combination involving adjacent deletions shows that v lies 
0.10-0.15 map unit from the left edge of 10A1,2 (Lefevre, 
1971), and a recently discovered lethal mutation, l(l)L68. 
is associated with the right edge of the 10A1,2 doublet. 
A recombination value of only 0.04^ separates v from 
1(1)L68 and both map the same distance from a mutant site 
to the right of 10A1,2 (Lefevre, 1974). Because it would 
seem that the two mutant sites v and 1(1)L68 were separated 
by almost 200,000 nucleotide pairs (the size of band 
10A1,2 (Lefevre, 1971)) these results suggest there is 
no recombination within bands. Bands may therefore only 
be sites of synaptic attraction which promotes recombina­
tion at the pngHs. Iviit not internally. 
Electron micrographs of polytene chromosomes show 
the interband regions consist of longitudinal striations 
that are apparently the individual unit chromatids and 
the bands seem to be the only sites of homologous attrac­
tion between the adjacent chromatids (Beermann, 1972). 
Thus the available genetic and cytological data suggests 
that bands facilitate but are not cites of crossing over. 
The reason that chromosomal regions vdth thick bands ex­
perience increased crossing over is because the stimulation 
to exchange is proportional to band size such that larger 
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bands can provide a stronger synaptic attraction for the 
recombination process. Thus, if fa^^^ is a band deletion 
of 3C7, recombination at the Notch locus would be expected 
to be reduced from the resultant loss of synaptic attrac­
tion. 
A further drawback to the single band deletion argu­
ment for fa^^^ concerns the amount of DNA that would seem 
to be nonvital in such a case. Rudkin (1965) has shown a 
band the size of 3C7 has some 30,000 nucleotide pairs. It 
is hard to imagine that the loss of 3C7 in fa^^^ results 
in only a viable, rough eye phenotype because cytologi-
cally normal N alleles are recessive lethals. Facet-
strawberry retains all of the known Notch locus, except 
for perhaps a small region near the left end of the map 
in the vicinity of The single oelet:ion 
interpretation of fa^^^ implies that the Notch band lacks 
a vital function and also that the gene is not in the band. 
If there is a small subvisible remnant of 307 in faf^, 
then the function of the band would still seem to be dis­
pensable because it could tolerate major deletions without 
expressing the lethal effect associated with N alleles. 
The study by Sorsa et al. (1973) showed that most or all of 
salivary band 3C2 could be removed from the w locus without 
affecting its function, thus no vital function could be 
discerned for this band. The strong selective pressures 
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that work to maintain the banding pattern so exactly 
(Beermann, 1972) points out the fact that just because a 
pampered laboratory culture can survive the loss of a 
particular band does not mean a band is functionless. All 
bands appear to be vital in nature even if this "vitality" 
only functions to facilitate a small, seemingly nonessential 
step in the gene to phenotype process. It is not surpris­
ing to observe an apparent lack of function of 3C2 with 
respect to the w locus, since the entire w_ function can 
be deleted without grave consequences in a laboratory stock. 
The same result cannot readily be extended to the Notch 
locus since the essential and seemingly ubiquitous product 
of this locus is absolutely necessary at various stages 
in development (Shellenbarger, 1971). The five single 
band dslstions for jC? repor-f.mn ny A] izyjiska (1938). that 
unfortunately no longer exist, were all recessive lethal 
N alleles. These considerations argue against the deletion 
of 3C7 as an interpretation of the fa^^^ lesion. What might 
be equally hard to explain are the changes that seem to 
take place in fa^^^ as in fa^^""'^. 
The Mutant fa^^^ as a Deletion of 3C6 
Another cytological interpretation of fa^^^ might be a 
deletion of 3C6 and interband material to Lhe right up to or 
including some of 3C7. This would subsequently cause the 
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fusion of 3C5 with 3C7 and from Figure 5A it is apparent 
that the recombination between fa^^^ and a recessive vis­
ible such as spl could conceivably occur to the left or 
right of 3C7 or even within 3C7 to yield the observed 
cytology of these recombination events. The latter hy­
pothesis is not likely and recombination to the left of 
3C7 should be reduced due to the deletion. More likely 
the exchanges are occurring to the right of 3C7 implying 
that the Notch gene is located in the interband region to 
the right of 3C7. The deletion of 3C6 can be ruled out 
on the basis of the wild type recombinants that came out 
of the w2 crosses. It will be recalled that these re­
combinants had normal cytology. If fa^^^ is cytologically 
a fusion of 3^5 with 3C7, the latter of which retains a 
small amrinni-, nf -iTii'.HrnMnu material to its left (see Figure 
5B), recombination with w^ would give a fa^^^ cytology for 
the wild type recombinants and the w]] cytology would be 
hard to explain. In addition, Lefevre and Green (1972) 
have shown from their analysis of the 3^3 through 3C6 region 
of the X-chromosome that the expression of vt should occur 
when 3C6 is homozygous deficient and 3C3 is heterozygous 
deficient. The female fa^^^/Dfwould satisfy 
these conditions if fa^^^ were deficient for 3C6, but the 
heterozygote is phenotypically normal. 
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Figure 5. Schematic representation of the chromosomes in­
volved 1x1 the genetic experiments based on the 
assumption that fa^^b ig & deletion of 3C6 and 
some interband to its right. The top chromosome 
in A represents the normal banding pattern of 
the 30 region of the X-chromosome; ( ) 
represents interband material between 3C1 and 
302, ( ) represents that between 306 and 
307, and ( ) represents that between 307 
and 309,10. The gaps represent deleted regions. 
The double-headed arrows illustrate the hypo­
thesized sites of exchange between the two 
chromosomes. 
A. Cross between fa"^"^^ and a recessive visible 
or nondeletion N allele. 
B. Cross between fa^^^ andPf(l)w 
See text for discussion. 
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The Mutant fa^^^ as a Deletion of 
Interband jC6 through 3C7 
If fa^^^ represents a deletion of the 3C6 to 307 in­
terband region only, then two of the more equivocal aspects 
of fa^^^ can be offered a ready explanation. The thick, 
protuberant band in the fa^^^ cytology would be the con­
sequence of the fusion of 3^5,6 with 3C7. Furthermore, 
the consistently high values of recombination shown in 
genetic experiments with fa^^^ could likewise result from 
this band fusion if there is a correlation between thick 
bands and strong synaptic attraction. The fusion of 3C7 
with the already large band 3C5"?6 would be expected to 
cause an increase in crossing over to the right of 3C7, 
where most of the Notch gene seems to be located (Welshons, 
1974). In addition, the low values of recombination that 
are observed between w&7k30 faf^, both of which would 
retain 3^7, is consistent with Welshons' (19740 claim that 
there may be no recombination within the bands. The lack 
of observed recombination between fa^^^ and ^^^ell 
their similar locations with respect to other allelic sites 
might then suggest from this interpretation of fa^^^ that 
^5^ell ^ lesion within 3C7. 
Since there are reasons to suggest that the rough eyes 
of fa^^'^^ might result from a position-effect influence due 
to the deletion of the 3C6 to 3^7 interband, some discussion 
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on this topic is necessary. The position-effect hypothesis 
says that the function of a gene depends upon its position 
in the chromosome. A position-effect influence on the Notch 
locus might arise by either a heterochromatic-type repres­
sive action or the influence of some foreign controlling 
element(s) on an otherwise intact gene. There are reasons 
to believe that the 3C region of the X-chromosome may be 
expected to express some heterochromatic-like traits. The 
existence of intercalary heterochromatin is theorized on 
the basis of sensitivity to radiation, ectopic pairing 
(see Hannah, 1951), proneness to constriction, and an ex­
tended replication period (see Lefevre and Green, 1972). 
The section of the X-chromosome exhibits all of these 
properties. Lefevre and Green (1972) conclude that these 
traits ar-A Tner-ely thé result of a large amount of DNA 
being compacted into this short chromosomal segment. This 
is no doubt true since the difference between hetero­
chromatin and euchromatin is one of state rather than 
substance (Brown, 1966). What is more important here are 
the effects of heterochromatin. 
The most striking genetic property of heterochromatin 
is its induction and modification of variegation in somatic 
cells that is manifest when a euchromatic gene is trans­
ferred to a heterochromatie region (see Hannah, 1951)- The 
existing evidence indicates that this heterochromatie 
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position-effect works in a repressive manner and that this 
repression works only in the cis arrangement and spreads 
in a polarized manner (Baker, 1968). This implies that 
the heterochromatic influence on the rearranged genes 
operates at a transcriptional or translational level. The 
former choice is generally accepted since heterochromatin 
is inactive in MA metabolism (see Brown, 1966). The de­
letion of the 3C6 through 3C7 interband would move the 
Notch locus closer to the large heterochromatic-like doub­
let band 3C$\6 and cause an alteration in the control of 
the Notch gene. The resulting impairment of the tran­
scription could then cause a variegated effect such as 
the mottled rough eye of faf^. 
Alternatively, the impairment of the transcription 
Ètud/ùi- control of ths Notch locus could be due to the in­
fluence of an adjacent gene control region that has been 
brought into juxtaposition with the Notch gene by the 
interband 3C6 to 3C7 deletion. Shellenbarger (1971) has 
shovjn there are multiple temperature-sensitive periods for 
a temperature-sensitive N allele, suggesting that the Notch 
gene is turned on and off at various developmental stages. 
The chromosome region around and including salivary band 
3C6 is involved in the vt^ function (Lefevre and Green, 
1972) and the influence of gene control upon an already 
complex regulatory system at Notch could result in the la^^^ 
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mutant phenotype. 
Both of the possible sources of position-effect in­
fluence on the Notch locus would be expected to involve 
an impairment of Notch gene transcription and consequently 
cause the failure of the fa^^^ males to enhance the activ­
ity of their single gene, thereby expressing the lack of 
dosage compensation observed at this locus. Either the 
heterochromatic effect or the vt"*" control element effect 
would also be expected to leave the Notch gene physically 
intact such that the removal of the Notch locus from the 
source of the position-effect influence would return the 
gene to its normal function. This removal from foreign 
influence could be effected by recombination in either case 
or, in the case of the vt^ control effect, by the loss of 
the normal vt' activities. This latter hypothesis wdViic] 
predict that some mutations to vt~ might at the same time 
revert fa^^^ to a ^ condition. On the one hand, the 
recombinant (with restored ^ function) provides evidence 
that a recombination event has removed the Notch gene from 
the large 305,6 heterochromatic band to a new position 
adjacent to the quantitatively smaller and therefore less 
influential band 3C1. On the other hand, the transfer of 
the gene in away from the vt^ influence to the non-
g/T\ 
functional w locus in w~ could have returned normal func­
tion to Notch. One would predict from this that a fa'^^^ 
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and a typical fly could be recovered from a cross with 
heterozygous with a cytologically normal chromosome. 
Figure 6 schematically represents the chromosomal con­
stitutions of the three basic types of crosses under the 
interpretation of an interband 3C6 to 3C7 deletion. Marker 
sites are denoted on the chromosomes to facilitate the cor­
relation between exchange point and intragenic loci posi­
tions. Figure 6A illustrates recombination between fa^^^ 
and the normal chromosome of a recessive visible or a 
Notch allele. The interband material between 305,6 and 
3C7 in the fa^^^ chromosome is hypothesized as retaining 
a small segment immediately adjacent to 3C6 and another to 
the left of 3C7. The intragenic exchange event is pictured 
as occurri. to the right of 3C7 to yield the observed 
cytological resultsj however, rwuumbiiiatioi'i to the left of 
307, within that interband segment adjacent to 3C7, would 
also yield a cytological product indistinguishable from 
that observed. This latter point leaves open the possi­
bility that the gene could be in the band, or partially in 
the band. Therefore, this interpretation does not allow 
us to pinpoint the region of exchange nor does it tell us 
where the gene is located. 
Figure 6B illustrates the same dilemma as to exchange 
location for the case of the cross. Recombination 
to the left or right of 3C7 would both yield the observed 
Figure 6. Schematic representation of the chromosomes in­
volved in the genetic experiments based on the 
assumption that fasvb ig a deletion of inter-
band 306 through 3^7. The top chromosome in A 
represents the normal banding patterns of the 
3C region of the X-chromosome ; ( ) rep­
resents interband material between 3C1 and 3C2, 
( ) represents that between 3C6 and 3C7, 
and ( ) represents that between 3C7 and 
309,10. The gaps represent deleted regions. 
The double headed arrows illustrate the hy­
pothesized sites of exchange between tne two 
chromosomes. 
A. Cross between fa^^^^ and sol, or any other 
allele. 
a .  
0. 
See text for discussion. 
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cytogenetic results. However, the low recombination value 
observed between fa^^^ and (0.011^) would seem to 
indicate that at least some of the exchanges are occurring 
to the right of 3C7 since Figure 6A and B show identical 
chromosomal constitutions to the left of 3C7 for the re­
cessive visible crosses as well as for the cross. If 
all the exchanges took place to the left of 3C7 one might 
expect the cross to show a recombination value closer 
to that found with the recessive visible experiments. The 
fact that the exchange rate with (0.011^) is from 6 
to almost 30 times less than that observed in other crosses 
(see Tables 2 and 4-) argues that the exchanges are more 
likely occurring to the right of 3C7 between the band and 
the deletion in This result would require that the 
depression of recombination by does not extena to 
the left of 3C7 to a great extent. This assumption seems 
reasonable since in the study by Lefevre and Moore (1966) 
the reduction in recombination in the adjacent regions of 
heterozygous deletions was only h to 5 times less than 
normal. Even in this present study, the reduction in re­
combination observed between fa^^^ and due to the 
presence of the deletion of salivary bands 3^2 through 3C6 
in ^67k30 only about 3 times less than normal (see 
Tables 4 and 5)• 
Figure 6C displays the two chromosomes Involved in the 
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crosses with Unlike the interpretation given to 
w" in Figure 4C, it is assumed here that the interband ma­
terial between 3C1 and 3C7 in the w^. chromosome is mostly 
derived from that in the 3^5,6 to 3C7 interval of a normal 
chromosome. Such an interpretation could also explain why 
w" has the same visible cytology as and ^^8fl9 
is not Notch. These latter two N deficiencies would hy-
pothetically have more 3C1 to 3C2 interband and less 
305,6 to 3C7 interband and consequently impinge upon the 
Notch locus causing a lesion in this gene. Alternatively, 
these two Notches might be due to a sort of position-effect 
where they have come under the influence of the regulatory 
elements of a foreign gene. 
Returning to Figure 60, the site of the exchange event 
between w_ and fa is inaicacea, necomu±iiai/±uu in one 
direction would result in chromosomes with normal cytology 
that are not fa^^^ and the reciprocal event would yield a 
w~ chromosome with a single band representing a fusion 
of 3CI with 307. As previously noted, the w~^^^ phenotype 
is not fa^^^ due to the removal of the Notch locus from 
the foreign influence on its control. 
From Figure 6A it can be imagined that unequal cross­
over events in the 3^5,6 to 3C7 of the fa^^^ chromosome 
might either add or subtract some of this interband ma­
terial. The addition of a small amount of interband 
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material could further remove the Notch locus from the 
position-effect influence and perhaps result in fa^^^"'^ 
fly. A similar unequal exchange event could also delete 
some interhand material to the left of 307 in the fa^^^ 
chromosome in the crosses with vT (Figure 6C) and cause 
the odd phenotypes observed with fa^^^"° and fa^^^"^. 
That this might be the case may also be corroborated by 
the recombination frequencies recorded for the fa^^^-spl 
and fa^^^"™-sDl crosses. The former value was 0.190 and 
the latter was 0.12%. This reduction may be due to the 
fact that the stimulation to the recombination frequency 
within the Notch locus by the 305,6 and 3C7 band fusion 
found in fa^^^ has been lessened somewhat in fa^^^~^ by 
the further removal of 3C7 from the strong synaptic in­
fluence of jC/^6. 
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CONCLUSIONS AND SUMMARY 
A cytogenetic analysis of the new recessive visible 
allele fa^^^ at the Notch locus reveals the following re­
sults. The mutant is associated with a visible cytological 
aberration such that there is no salivary band in the po­
sition where 3C7 ought to be. The band may be completely 
or partially deleted, but a more logical explanation seems 
to be a fusion of 3C7 with the heavy doublet band 3C$\6. 
There is evidence that indicates the mottled eye phenotype 
of fa^^^ is due to a position-effect that has altered the 
normal operation of the Notch gene, perhaps at the level of 
transcription. The Notch gene itself seems to be func­
tionally intact since the putative removal of this locus 
0(^T) 
from the foreign influence by recombination yields w^ 
with a normal Notch function. One should therefore be able 
to reverse the recombination process and return to a po­
sition-effect influence on the Notch locus. 
The interpretation of this mutant is not compatible 
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of 307 that was hypothesized to explain the deficiencies to 
the left and right of 307 that both give rise to N muta­
tions (Welshons, 197^; Welshons and Keppy, 1975). The 
genetic material within the 306 to 307 interbank does not 
seem to represent the Notch gene because the apparent 
1^ 0 
deletion in has no direct effect on the function of 
this locus. The best available evidence points to the 
interband region to the right of 3C7 as the site of the 
recombinational Notch gene, although the band still plays 
a role in the functioning of this locus (Welshons, 1974). 
Most of the temperature-sensitive alleles at the Notch 
locus are located in the right-most fifth of the gene in­
dicating that at least this portion of the locus codes for 
a protein product (Shellenbarger and Mohler, 1975)» In 
addition, Bofo of the right portion of the Notch locus can 
be deleted without visibly affecting the band (Welshons, 
1974J. These results suggest that the structural sequence 
for the Notch gene product lies within the interband to 
the right of 307. The results of this study support this 
contention but also implicate salivary bcind 3C7 as a part 
of the total functional unit of the Notch gene. If the 
lack of within-band recombination is accepted, then the 
fact that fa^^^^ maps to the left of the other tested Notch 
alleles with large recombination values, together with the 
proposed cytological interpretation of its aberration, 
would support the 3C7 to 308 interband location for the 
structural gene. 
The observed cytological results from interallelic 
recombination seems most likely the result of exchanges to 
the right of salivary band 307, although our interpretation 
I4l 
does not require it. The lack of observed recombination 
between fa^^^ and could be interpreted to mean that 
j_g the result of a lesion within 3C7. The left side 
deficiency Notches N^bi25 and would apparently im­
pinge upon the band from the left and would therefore be 
expected to be inseparable from within the band, 
this is what is observed (Welshons, 19740. The apparent 
extension of the deletion in through the site of 
^264-40 ^Q^2d argue that the locus would have to be to 
the left of or within the band. However, the majority of 
the available evidence does not agree with this tenet, 
indicating that there is something abnormal about 
There is no evidence from this study that contradicts 
the one band-one gene hypothesis at least as it applies 
4-1^^ TyT/^4-/-»"U "DrN-+"l-» T) ^^"7 In o "v* o rf "Ï f"Ho V W U Xiv^ 1* w V \./±l W XJl ^ \J XX>^ V >-• -*. <_/C .A. V ^ ^  WW 
its right seem to be involved only with Notch gene func­
tion. Since fa^^^ may be the result of a position-effect 
induced alteration of transcription, it would be tempting 
to hypothesize that the site of control and initiation of 
transcription is within the band 3C7. This idea would de­
rive from the juxtaposition of 3C7 to the assumed source 
of the position-effect influence in or near 3C5?6. Wo 
firm conclusion can be drawn from the present results 
however. 
An interesting, but perhaps meaningless observation 
1^ 2 
stems irOui tlie data of Sorsa et al. (1973) that places 
the locus of sparse arista (^) in the interband to the 
left of 3C1. Bridges (1938) hypothesized from the banding 
pattern of the 30 region that 305,6 and 307 represents a 
reverse repeat of 3C1 and 3C2,3. The genetic duplication 
for the roughest (rst) and verticals (vt) functions dis­
covered in this region by Lefevre and Green (1972) offers 
support for this contention. If this is true, then the 
gene-band relationship of the loci at 3C1 and 307 would 
be expected to be reversed; this seems to be the case. 
It is difficult not to compare the chromosome model 
of Crick (1971) to the results indicated here. The bands 
in this model consist of denatured regions of DM that are 
the sites of controlling sequences which interact with 
regulator proteins and pcij^erases. These same or ni f-
ferent single stranded regions provide the basis for the 
precise synaptic pairing between homologous chromatids so 
only the bands could be effectively paired. The larger 
bands would have more pairing contacts and therefore allow 
more recombination within the structural genes hypothe­
sized to be entirely in the interband region. The vast 
amounts of DNA within the band are necessary to maintain 
the denaturation of the sequence-specific control regions. 
Since much of this DNA serves only a structural function, 
most of the nucleotide sequence is not important except 
for the folding and unwinding sequences. The fusion of 
two bands such as 3^5,6 and 3^7 might cause some minor 
disruptions in the two bands which would have different 
folding patterns. This could occlude some of the con­
trolling or promoter sequences causing abnormal gene 
activity. 
Of course it would be just as easy to relate the 
situation at fa^^^ with any model if one made the proper 
assumptions. Without any knowledge on the biochemistry 
of the Notch gene product(s) it is impossible to dis­
tinguish between many of the applicable models. When 
such a stage is reached, the cytogenetic data from mutants 
such as fa^^^ will be valuable in correlating band-gene 
changes to product changes. 
ll+lf 
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